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Abstract
Education has a major role in individuals life and society due to its influence
in all aspects of life, whether social or economic. Education has become countries’
gateway to scientific progress and prosperity. Therefore, it has become necessary to
plan education in order to ensure that its outcomes are properly directed towards
developing societies with the latest scientific knowledge and development. Education
can be seen as a sequence of stages, pre-school education, school education and
higher education. Each stage of education is important in the ladder of cognitive
development, as each stage leads to the next stage. Next comes after completing the
higher education stage, joining the labour market, which is also available for school
education graduates.
Attention to planning higher education is a prerequisite to ensure that higher
education graduates can easily join the labour market. There is no doubt that there
are difficulties such as the incompatibility of the skills acquired in education with
the skills required in the labour market, and the absence of an appropriate plan for
admitting students in higher education and allocating them to different disciplines.
The existence of such difficulties may impede the smooth transition of graduates
from higher education to the labour market, which necessitates the importance of
studying the characteristics of higher education students and the factors affecting
their enrolment in the labour market. The application of the study to Oman was due
to the results of previous graduate surveys (2010, 2015, and 2017), which showed
that graduates of some disciplines struggle to find a job opportunity. The existence
of a statistical system for higher education in Oman and the use of its data greatly
helped in identifying the characteristics of students enrolled in the higher education
system, which are linked later with the results of the analysis of graduate data
surveys.
Higher education is the gateway for students to enter the labour market, equipped
with the necessary knowledge and skills. Therefore, it is important to have a well-
organised planning for admitting students to higher education in line with the needs
of the Omani labour market. Referring to the effects, such as long waiting period
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for a job and high unemployment rates, of decisions not based on figure and statis-
tics is the motivation for carrying out this study on the Omani higher education
system. Although there are different data sources available in the Omani higher
education sector, in terms of admitted, current and graduate students and graduate
employment, data have not been used in an effective way to plan admission into the
higher education in Oman. Consequently, there is a surplus of graduates in some
disciplines, while other disciplines suffer from a dearth of graduates. The presence
of a surplus in the graduates of a discipline will naturally lead to a delay in graduate
employment, and the presence of a shortage in the number of graduates of another
discipline will lead to the use of expatriate workers to cover the shortage, which will
deprive Omani graduates in the future of a job opportunity that would have been
within their hands if they study that discipline.
The motivation for carrying out the study is in twofold. The first part illustrates
the ability of data systems to help policy-makers to make decisions in a timely and
appropriate manner, in terms of what is available from data and mechanisms to
extract information from it, in addition to the difficulties that may prevent these
systems from providing the appropriate data. The second part involves building a
conceptual model that explains how the higher education system works in Oman,
starting from the admission process and the distribution of school seats, through the
stages of the educational process until students exit from their studies, and ending
with the period spent by the graduate waiting for the first job opportunity.
The study aims to assist policy-makers in determining the level of current stu-
dents and graduates in higher education in order to determine future need for grad-
uates in the labour market, including discipline and the number of students to be
admitted in each discipline. A conceptual model was developed of the higher edu-
cation system in Oman. The model consists of three stages, admission into higher
education, a transition within higher education, and the unemployment period.
The first stage, allocating students to higher education seats usually considers
the labour market demand for graduates. The Omani Ministry of Higher Education
consults both sectors, governmental and private sectors, to predict the future de-
mand for graduates in each discipline. The allocation involves admitting students
into higher education funded seats based on students’ sex, high school scores, and
required disciplines. This stage of the research examines the influence of three ma-
jor factors, weighted average score (WAS), sex and discipline on graduation grades
(GPA). The data obtained was in unbalanced form, as there was a larger proportion
of females than males due to the high participation of female in the graduate survey
(64% graduates participating were females). Several methods have been used to
examine these factors. A simple linear regression was used to examine the relation-
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ship between WAS and GPA, which was positive but weak (r=0.0343, p=0.0009).
Similar outcomes were found for each sex. Due to unbalanced data, and a lack of
homogeneity of variance non-parametric tests such as Mann-Whitney U test and
Kruskal-Wallis test were used to establish that male achievement in tertiary educa-
tion is different from female achievement. Similarly, graduates of different disciplines
did not get the same GPA in average. In terms of GPA between disciplines in each
sex, Kruskal-Wallis test has been used with a significant level of α = 0.01. The
results show the difference between males in different disciplines is not statistically
significant (p = 0.099, df=6), while females show statistically significant differences
in GPA between disciplines (p < 0.001, df=6). The low relationship between WAS
and GPA (r=0.0343, p=0.0009) implies that policy-makers should not adjust the
current entry requirement as there is no strong evidence that students with high
WAS score high GPAs. The differences between males and females in GPA across
disciplines suggests that decision-makers regarding admission should consider these
differences.
The second stage covers student progression within the higher education system,
where students move from one year of study to the next year of study. At each year
of study, students can either postpone or leave study, or they can move to another
institution or they can change their discipline. The first phase involved estimat-
ing the transition probability of student transition from one status to another one.
For example, moving from year one to year two of study, or moving from ‘current
student’ status to ‘leave study’ status. The second phase involved predicting the
number of students in each status. For example, predicting the number of gradu-
ates, or the number of students in the third year of study. Markov chain modelling
was used to estimate the transition probabilities. Student data from seven aca-
demic years (from 2009/2010 to 2015/2016) was obtained from the Omani Higher
Education Statistical System (HESS). In order to protect students privacy and en-
sure data confidentiality, the data was in aggregate structure rather than individual
structure. So, the conditional least squares method was used to estimate the tran-
sition probabilities. The transition probabilities were examined for all disciplines in
the obtained data, and only two disciplines (education and engineering) showed rea-
sonable transition probabilities. The main findings on examining student transition
probabilities are as follow. First, in student progression, education students need
on average 1.234 years in each year of study, while engineering students need 1.620
years. Females, need on average less than one and a half years in each year of study
for both education and engineering. Males need about a year on average in each
year of study in education, this period increased to about two years for males in
engineering. Second, the student probability of leaving study without a qualification
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decreased as students proceeded to the next year regardless of discipline. In terms of
disciplines, education students are more likely to leave study temporarily than engi-
neering students. Engineering students are more likely to leave study permanently
than education students. Third, on average females have a better probability to
graduate in both disciplines than their male counterparts. Due to the nature of the
engineering discipline, engineering students need on average 6.87 years to complete
a degree, while education students need on average 5.1 years to complete a degree
in education. However, engineering students have a better probability of graduating
than their education counterparts. Policy-makers should be aware of the reasons
for student leaving study, as it might be managed during the admission process. It
implies that having this information could guide policy-makers in determining the
number of students in terms of sex and discipline in line with the indicators of the
unemployment period, which was examined in the next stage.
The third stage involved examining the period between graduation and first em-
ployment, namely the unemployment period. Two important issues were considered
in this stage. The first one is the probability of employment and the second one
was the time needed on average to obtain the first time job. In this stage, two
graduate surveys, 2015 and 2017, were used in the analysis. The main focus was
on the variable of employment status, and on the variable of time to employment
for graduates who were employed. The time to employment takes in account two
cases of graduates, employment and unemployment. For unemployed graduates, the
unemployment period is infinite, as the employment date is unknown. Two issues
were considered in the analysis. The first one was skill variables acquired during
education as self-assessed by graduates, which were used to see if employed gradu-
ates responded differently from unemployed graduates. A factor analysis was used
initially to reduce the 24 skill variables to a fewer number of factors. The analy-
sis shows that there were six factors, self-motivated skills, team-work and critical
thinking skills, knowledge and research skills, Arabic language skills, accuracy and
IT skills, and English skills. In general, the unemployed graduates believe that they
obtained these skills during education but not English language skills, whereas em-
ployed graduates believed they obtained the English skills in education, but not the
other skills. The second issue examined was the method used to look for a job. In
order to find the most efficient method to find a job, a bi-clustering technique was
used to group graduates according to the method used to look for a job. Outcomes of
this technique showed that graduates who used their interpersonal relationships in-
creased their employment probability. Two different methods were used to examine
the unemployment period. The first method was the logistic regression modelling,
which was used to estimate the employment probability and to find influential fac-
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tors in finding graduate employment. The second method used to estimate the time
until first employment was Kaplan-Meier curves. The main findings showed that
male graduates are more likely to find a job in less time than female graduates. The
result showed that in only three disciplines (education, engineering and health) 50%
of graduates were employed within 60 months. Other graduates were unemployed
at the time of the survey, and they do not know when they will be employed.
To sum up, a conceptual model obtained from the mentioned stages was used to
illustrate the impact of changing admissions on graduation. This information should
be of use to policy-makers in the decision-making process regarding admission into
higher education. Despite the difficulties that the researcher faced in adapting the
data in order to use it in the analysis for each stage, there is a great possibility in
developing this model by providing reliable and valid data for all disciplines. The
vast amount of student data even in aggregated form can be used to support decisions
based on the information. It can generate valuable information and indicators by
using appropriate statistical methods in each stage of student transitions in the
higher education system in Oman, where data is reliable and valid.
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Chapter 1
Introduction
Education is a cornerstone of economies throughout the world. It plays an im-
portant role in providing graduates with the knowledge and skills necessary to join
the labour market. From a family perspective, education is one of the most im-
portant means of improving income and thereby improving the financial situation
of families. Therefore, many families in countries around the world are keen to en-
sure that their children have the best levels of education according to their financial
means. In this sense, countries are keen to develop and continually modernise their
educational systems, to ensure that graduates have qualifications and skills to ob-
tain jobs or professions commensurate with those skills. In this regard, there are
rich experiences and contributions throughout the world in linking education to the
labour market.
The primary rationale for the proposed study is the need to balance the sup-
ply of graduates with demand in the Omani labour market, as there is shortage in
some disciplines and surplus in others. The problem of imbalance is recognised in
the variation in graduates’ waiting time until getting first employment. In address-
ing this problem there is a need to consider: (1) the main features of Omani and
expatriate populations; (2) the structure of the Omani education system; and, (3)
the modelling methodologies that have been used to deal with the issue of match-
ing graduates to labour markets worldwide and more specifically as they have been
applied in Oman.
1.1 The Misalignment Problem in Oman
Misalignment can be explained as an imbalance in the number of graduates
and the number of available vacancies. It can be seen in two situations. The first
1
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one is when the number of graduates is more than the number of vacancies in a
certain discipline (surplus) as a result of the market saturation of graduates in this
discipline, and the reverse when the number of vacancies is not met by the number of
graduates(shortage) as a result of the high demand for graduates in this discipline.
Both cases have an impact on graduate employment.
In Oman, the move from surplus to shortage can be illustrated with the change
in the Education sector. In the teaching discipline, graduate teachers may look
for jobs and wait a long time for employment in the Ministry of Education, that
is in the public sector. As a result of the surplus in teachers, in 2007 a decision
was made to transform five colleges of education to colleges of applied sciences 1.
However, this did not solve the misalignment problem, as the demand for teachers
increased four years after the change to colleges of applied sciences. Students need
on average four years to graduate as a teacher in Oman, and by 2011 the govern-
ment started looking for expatriate teachers to fill the shortage of Omani educators,
(refer figure 1.1). Hence, it can be seen that consequences of the transformation
happened after graduation of the last cohort of education in 2007. The number of
recruited expatriate teachers increased dramatically, reaching the peak in 2013 with
1319 expatriate teachers2. The fall in expatriate teachers after 2013 indicates that
the number of expatriate teachers has been sufficient, resulting in a reduction in the
numbers recruited. Though, this does not mean there was a significant increase in
the number of allocated seats to the education discipline, as the number of students
in funded seats in this discipline remains almost the same and the colleges of applied
sciences were not changed back to colleges of education. The decrease in the number
of expatriate teachers may be due to the fact that the numbers that are employed
annually are sufficient for the needs of the educational process, or because in re-
cent years private universities started offering a bachelor degree in the education
discipline to new students. In education discipline, there was a surplus of Omani
teachers followed by a shortage. Conversely, there has been an increasing demand
for engineering graduates followed after five years by a surplus in the number of
engineering graduates.
1The Royal Decree No.62/2007.
2According to the Ministry of Education Data.
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Figure (1.1) Omani Expatriate Teacher Recruitment




















Source: Ministry of Education (MoE)
The move from shortage to surplus can be illustrated by the Engineering disci-
pline. In 20123 the Ministry of Higher Education (MoHE) announced the outcomes
of the 2010 graduate survey, stating that Engineering was the discipline most in
demand in the labour market. Four years later, in 2016, there was a concern about
the unemployment of approximately 5,000 engineering graduates4. This number
was likely to increase as it was expected there would be a similar number grad-
uating every year for the next five years, as illustrated in figure 1.2. During the
period between 2011 and 2015, Ministry of Higher education admitted around 7000
students yearly in Engineering discipline, and about 6000 graduate every year and
associated with this is a large number of unemployed graduates. However, it is not
the high unemployment that is the major concern, the main concern for the public
is the time until employment. That is how long it takes a graduate to get a job.
This raises questions regarding the appropriate number of students admitted to the
engineering discipline given the current level of unemployed engineering graduates.
Figure 1.2 illustrates the case of the engineering major, however, other majors can
be investigated in the same way. These two examples (education and engineering)
illustrate only part of the misalignment problem in Higher Education.
3Alwatan newspaper dated on 29/02/2012.
4Discussion session of Higher Education Minister in the lower house of the Council of Oman
(Shura)in 07/12/2016.
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Figure (1.2) Unemployed Engineers 2011-2015
Source: Higher Education Statistical System
Graduate misalignment with the labour market, with an increasing number of
unemployed graduates and long waiting periods for a job, has become a public
opinion issue. This has made the government look deeply at this problem so as
to develop solutions to reduce the impact on society and the individual. Different
Omani government authorities initiated their own plan to tackle the misalignment
problem. The main work is being undertaken by the ministries relevant to the
education industry, namely the Ministry of Higher Education, Ministry of Education
and Ministry of Manpower, in addition to Sultan Qaboos University.
1.2 Expansion in Higher Education
World wide, there is an expansion in the number of school students who are
wanting to study Higher Education. This expansion is accompanied by an increase
in Higher Education capacity in general. In Oman, increasing student numbers and
higher education capacity means an increase in future graduates seeking jobs which
may not be available to all of them. As for most of the countries in the world, Oman
aims to provide higher education to school graduates in order to meet the labour
market demand for graduates. To meet this market demand the Omani government
represented by the Ministry of Higher Education (MoHE), meets on a regular basis
with stakeholders in employment to decide the study majors needed and the poten-
tial number of students to be admitted in each major. In spite of collaborative and
continuous work between MoHe and other stakeholders, the problem of graduate
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misalignment with the labour market remains present. Solutions to these issues and
the issues that arise may be similar to other countries, but may also reflect the
special nature of Omani culture, geography and traditions.
A big change took place in 20115 when the Omani government decided to expand
HE capacity to admit more school graduates. The expansion was a result of public
demand to increase the seats in higher education, rather than being in accordance
with a plan compatible with the expected needs of the labour market. The aim
to meet the increasing demand for higher education was regardless of the market
need for these graduates. This raises questions regarding higher education. Is its
role limited to qualifying school graduates with knowledge and skills without any
connection to the actual needs of the labour market? Or does the government need
to link higher education graduates to the labour market needs?
The teaching profession is the simplest example to illustrate the problem of grad-
uate unemployment. Observers of teacher recruitment in Oman found that there
was a noticeable change over the past four decades (Chapman et al. 2012). At the
beginning of the 1980s, 92% of the teaching staff were expatriates. This percent-
age started to decline as the government succeeded in opening various educational
institutions to qualify Omani teachers. This, of course, led to an increase in the pro-
portion of Omani teachers to more than 89% of the total teachers in Oman in the
academic year 2008/2009. The government’s success in qualifying Omani teachers
led to an oversupply of teachers, causing disruption to the automatic recruitment of
teachers when they graduated as before (Chapman et al. 2012).
To clarify, in past years, before 2002, teaching graduates got employed within six
months of the date of graduation. This was achieved by having good collaboration
between HE who supply graduates and the Ministry of Education which employs
them. Satisfaction was met, as graduates got employed as soon as they graduated.
Since 2002, this situation has changed with more education graduates waiting more
than a year for a job.
Decisions and announcements have consequences potentially both positive and
negative. The proposed study is not in a position to judge these decisions, as
there may be circumstances unseen to the public and even to the policy makers.
The decision to transfer five colleges of education to colleges of applied sciences,
and the announcement about the high demand for engineers had consequences.
The unplanned announcement about the most demanded graduates induced many
private institutions to offer the engineering major. Parents were free to send their
5Royal Directives increasing Higher Education seats, Oman News Agency (omannews.gov.om)
1st of June 2011.
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children to study at their own expense without reference to the competent authority,
MoHE. This led to an accumulation of unemployed graduates in engineering. The
question arising here is that if there are many unemployed graduates in a certain
major and they take a longer time to obtain their first employment, wouldn’t it be
better for MoHE to reduce or stop admitting students to this major?
1.3 Omani Effort to reduce the Misalignment of
Education Outcomes and the Labour Mar-
ket
Between 2000 and 2010, Oman faced an increasing number of unemployed gradu-
ates in different disciplines, such as exemplified by education and engineering. Grad-
uate unemployment is not a new issue in Oman, but it had fewer consequences in
the past due to the small number of graduates decades ago. In most unemployment
cases, the time to employment is crucial to graduates. As time passes graduates are
likely to accept jobs in different disciplines and are vulnerable to losing the skills
obtained during tertiary education.
In 20126, the Omani government founded a national committee that conceived
the idea of establishing a national centre of labour study in Oman 7. The committee
reviewed several studies and projects which sought to reduce the gap between edu-
cation graduates in different sectors and the needs of the labour market in Oman.
The committee also visited a number of universities and research centres specialised
in aligning university graduates to the needs of the labour market. The committee
concluded that a specialised centre was important for Oman.
Prior to 2012, several government authorities made great efforts to solve the
problem of job seekers. These efforts were confined to the executing parties, which
are the Ministry of Higher Education, Ministry of Education, Ministry of Man-
power and Sultan Qaboos University. The efforts were not comprehensive at the
national level, as each party worked on its own data and plan and each could be
categorised according to the nature of their work. The first group of the executing
parties involved establishing committees or work-teams, while the second group of
participants worked in relation to the theoretical side, carrying out studies on align-
ing education outputs with the labour market. In the first group, the Ministry of
Manpower established a committee to align the specialisations in higher education
6Education Council Decree No. (2/2012) to form the committee, dated in 31st of March 2012.
7The author of this thesis was a representative of the Ministry of Higher Education on this
committee.
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institutions to the requirements of the labour market. The Ministry of Higher Ed-
ucation conducted successive surveys of graduates of higher education institutions
and what followed was the establishment of a department specialised in surveying
graduates of higher education8. The Ministry of Education played a prominent role
in attempting to solve the problem of unemployment among school leavers through
its cooperation with UNICEF. It established the Observatory on Education, Vo-
cational Training and Labour Market needs in Oman9. The observatory targets
school-leavers in the school education period. As for the second group, its work is
limited to two studies10. In one study the Ministry of Finance examined the situ-
ation of the labour market, investment, and employment in the Sultanate. In the
second study, Sultan Qaboos University examined the needs of the labour market
and adapted it to the outputs of higher education in Oman (P. D. Adams, Tran, and
Giesecke 2015). Undoubtedly, the efforts made by the ministries working in the edu-
cational sector were appreciated by decision-makers, but these efforts were criticised
for not integrating with each other. For example, engineering, management, and
information technology specialisations are found in educational institutions under
the Ministry of Higher Education as well as in institutions under the Ministry of
Manpower. The lack of integration may result in a failure to obtain the required
alignment of job seekers and positions. In 1998, there was an urgent need for IT
graduates and both ministries increased the number of seats for this specialisation,
which resulted in a surplus in the number of IT graduates11. So it seems that the
individual work of each ministry regarding graduate alignment to the labour mar-
ket may cause unwanted consequences, which can be avoided by considering other
parties in the education to labour market process, when making decisions.
These efforts to better balance graduates and demand for them are appreciated,
but they aimed to achieve a specific objective for each ministry in accordance with
their given authorities rather than focusing on the problem at a national level.
Therefore, the Council of Education has unified these efforts in one project to solve
the issue of graduate unemployment or in other words aligning graduates to the
labour market12. The project’s name is ‘The national project to align the outputs
of higher education with the demands of the labour market’, and work on it started
8Ministerial Resolution No. 32/2014 issued on May 5, 2014, to establish the Graduate Survey
Department.
9UNICEF Annual Report 2012 for Oman, MENA https://www.unicef.org/about/
annualreport/files/Oman_COAR_2012.pdf.
10Final report on the conceptualisation of the National Centre for Education and Labour Market
Research, September 2013.
11The author was among the first cohort in the information technology major in the Colleges of
Applied Sciences (Colleges of Education formerly).
12Higher Education Council (formerly) Decision No. 1/4/2011 issued on November 23, 2011
establishing the National Center for Education and Labor Market Research.
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in 201213. In spite of collaborative and continuous work between MoHE and other
stakeholders, the problem of graduate misalignment with the labour market remains
present.
The research in this thesis aims to explore ways to improve the Higher Education
admission methods by making them more responsive to changes in graduate employ-
ment. To achieve this aim, the study investigates student transitions in the Higher
Education system from entry to graduation with a view to informing admissions
policy.
1.4 Student Transition
Transition has been defined by Oxford dictionary as “the process or a period
of changing from one state or condition to another”. In the education context,
transition is a change in the education process, such as a movement to the next grade
of study or move to another type or level of education (e.g. transition from school
education to tertiary education). Student transition in HE, covers three stages. The
first one is school graduates transition to HE, or in other words higher education
admission. The second one is student transition within HE, which represents student
movement from one year to the next year of study until graduation. The last stage
of student transition is graduates transition to the labour market and of a particular
concern in terms of future admissions is the waiting time until getting a job in each
major.
The investigation of student transitions involves exploration of different ana-
lytical techniques. Markov chain models have been used by various researchers to
describe a series of events, in which the probability of future event state relies only
on the event that precedes it, (Shah and Burke, 1999, Osagiede and Ekhosuehi, 2013,
Alawadhi and Konsowa, 2007, Alawadhi and Konsowa, 2010). Another method used
to analyse student performance in higher education is Bayesian Networks, which is
a graphical method used to predict the likelihood of a cause based on an occurred
event (W. Premchaiswadi, Jongsawat, and N. Premchaiswadi, 2012). The graph
of Bayesian Network consists of nodes and edges, where nodes represent variables
and edges represent the relationship between variables (nodes). Latent Transition
Analysis is another method used to observe changes in subgroups over time by using
longitudinal data. The method in the education context has been used to investigate
the change of students’ motivation in tertiary education, (Gillet, Morin, and Reeve,
13Ministerial Decision No. 2/2012 issued on March 31, 2012 to form a committee to develop a
vision for the establishment of the National Center for Education and Labour Market Research.
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2017). Further, when examining models of transitions, variables such as the study
major, sex, age and grade may be important potentially impacting on transition
hence these need to be included in the analysis. Deciding the appropriate tech-
nique and variables to include also relies on the research aims and type of available
data.
This kind of study seeking to align graduates with market demand is needed
especially in current times as most governments in the Gulf Cooperation Council
work hard to minimise government expenditure due to the oil crisis whereby gov-
ernment expenditure cannot continue to rely on oil revenue. The study is proposed
to optimise HE expenditure rather than just minimise it. HE expenditure can be
optimised or in other words enhanced by admitting more students in disciplines in
demand, so it can be ensured that the expenditure goes in a desired direction. In
this case the utility of HE is measured on its capacity to meet employer demand for
graduates.
The major outcome from this study is the proposal of a system and identification
of the necessary inputs for recommending admissions. Such a system will enhance
HE Admission policy, by taking in account inputs such as completion rate, time
to complete a degree, graduation rate and time to get a job. It is expected the
system’s outcomes could provide a guide to the decision makers in assigning the
appropriate number of places for school graduates to enrol in various disciplines in
HE institutions, by taking into account graduates’ unemployment and the number
of current students in each discipline.
1.5 Higher Education Policy & Decision Making
To understand student transition, one needs to study the philosophy that guides
policymakers in the education sector as this philosophy has an influence on the
educational process both in administration and teaching. Educational policy has
an important role in achieving the goals and objectives of philosophy through the
development goals for education, among which is providing the labour market with
national competencies. The educational process is not completed unless there is
efficient management for the higher education sector, which leads to education policy
being achieved. The following sections review these points: Philosophy of Education,
Education Policy, Education Management and Achievement of Education Policy
Implementation.
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1.5.1 Philosophy
Education policy is “the implicit or explicit specification of courses of purpo-
sive action being followed or to be followed in dealing with a recognised educational
problem or matter of concern, and directed towards the accomplishment of some in-
tended or desired set of goals”, (Trowler 2002, p. 2). According to this definition,
Higher Education Policy is a set of principles and regulation rules, which are used
as a guideline in organising the Higher Education System in order to achieve its
educational aims.
Current Higher Education policy in Oman is based on the ‘Philosophy of Edu-
cation in the Sultanate of Oman’14. This philosophy was published in 2017 to be
used as a main reference on developing educational policies in Oman. The philos-
ophy covers all aspects of students in the education process, the intellectual, social
and physical. The philosophy aims to strengthen the values of citizenship, Omani
identity, religious, social and legal obligations in social life.
Several sources have been used to build this philosophy, which include the Is-
lamic religion, the thought of Sultan Qaboos, the statutes of the Sultanate, Omani
civilisation and Omani characteristics, needs and aspirations, as well as future visions
of the Sultanate. Modern educational thought, known characteristics of learners, in-
ternational conventions and covenants as well as contemporary international issues
also contribute. These sources have been used to build an education philosophy that
suits Oman’s future needs and aspirations.
The philosophy consists of sixteen principles, which are used to guide educa-
tors and decision makers in constructing all components of the education process.
However, only those are relevant to the objective of the thesis are included here. A
full list of principles are available in the published work of the Omani Educatiom
Council, (Council 2017).
Three principles are connected directly to the proposed study. Each of them
has a number of objectives.
• 9th: Education is a national responsibility and partnership. Everyone is re-
sponsible for supporting education.
• 10th: High quality education for all. It is important to work to achieve the
necessary quality standards in all elements of the educational process.
• 11th: Education and work. One of educations aims is to provide students with
14The enhanced version of the Omani Philosophy of Education was published in 2017, and the
first version was issued in 1978
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the required skills for the labour market.
Other aims of education drawn from the Omani philosophy’s principles, in-
clude:
1. Helping learners to grow in all spiritual, psychological, intellectual, moral,
physical and social aspects.
2. Providing learners with the necessary knowledge and skills to build national
capacities in various fields.
3. Training learners in research skills and innovation.
4. Enhancing the national belonging of the learner, and maintaining the achieve-
ments of the nation.
5. Encouraging human values and good behaviour among learners.
6. Educating learners of their rights and duties, and promoting a sense of respon-
sibility.
These principles and aims are essential for educational policy in Oman. Oman’s
higher education policy is based on the Omani philosophy of education. From Omani
education principles comes policy to achieve the future visions set for education in
Oman, which include creating a generation armed with necessary knowledge and
skills.
1.5.2 Higher Education Policy (HEP)
HEP guides decision makers in higher education toward achieving the relevant
objectives of the listed philosophical principles. For example, policy philosophical
guidelines can be seen in the work of the Ministry of Higher Education admitting
new students to the tertiary education through determining the potential admitted
students for each type of study program. There are ethical and effectiveness issues
in the government heavily influencing the number of graduates and level of student
autonomy is also an issue. Another example is higher education institution manage-
ment in terms of recruiting academic staff. A third example, is the Higher Education
Admission Policy (HEAP), which provides guidelines to decision makers and sup-
ports their decision in admitting school graduates according to future demand for
graduates. An implementation of this policy in the academic year 2005/2006, in-
volved colleges of education being transformed to colleges of applied sciences, and
during this time scholarships were suspended to educational specialities. In addi-
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tion, educational habilitation programs15 were suspended within the Sultanate in
order to reduce the number of graduates of education disciplines seeking teaching
jobs.
The implementation of the transformation decision has gone through several
phases representing the response of the Omani government to the situation of grad-
uate unemployment. First, the government transformed five colleges of education
to colleges of applied sciences and kept only one faculty of education in accordance
with Royal Decree 62/2007 on 3rd of July 2007. Then, as this situation of long wait-
ing period for a job continued, the government transformed the remaining college of
education into a college of applied sciences in accordance with Ministerial Decision
No. 88/2008 on 20th of July 2008. It is noticeable that in 2008 there was a signifi-
cant decrease in the recruitment of international teachers (refer figure 1.1), but after
2008 there was a considerable increase in the recruitment of international teachers,
which peaked in 2013. After the increase demand for international teachers, the
government transformed the College of Applied Sciences in Rustaq into a college of
education to cope with the growing need for Omani teachers. The transformation
of Rustaq College was approved by the Education Council on 25 June 2015, which
was approved by Ministerial Decision No. 66/2012 of 22 June 2017. Perhaps there
are some questions about the adequacy of one educational institution providing a
sufficient number of teachers annually, but to overcome this, the ministry allowed a
number of private universities (Dhofar University and University of Nizwa) to open
the way for students to join the specialisation of education to meet the actual needs
for Omani teachers.
In order to achieve these policies, an effective system for managing the educa-
tional system based on these policies is necessary.
1.5.3 Higher Education Management
The Higher Education industry is managed mainly by the Ministry of Higher
Education in cooperation with other ministries (Ministry of Health and Ministry
of Manpower). Each ministry monitors educational institutions related to its work.
For example, the Ministry of Health supervises all institutions related to the health
field, whether nursing institutes, pharmacy institutes or other related institutes. In
order to organise the educational process from school to university education, the
Education Council was established to formulate the general education policy for all
15The educational habilitation program is a study program, which is designed specifically for
graduates of non-educational majors, in order to provide them with the needed educational skills,
knowledge and foundations to work in the education sector.
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disciplines and stages. The Education Council is the overarching body, and this
set up several authorities to implement Higher Education Policy. These authorities
include:
• Minister of the Diwan of the Royal Court
• Minister of Higher Education
• Minister of Manpower
• Minister of Education
• Minister of Civil Service
• Oman Academic Accreditation Authority
• Two Representatives of the Private Sector
• Secretary General of the Supreme Council for
Planning
• Secretary General of the Research Council
• Vice Chancellor of Sultan Qaboos University
• Secretary General of the Education Council
• Four Persons Specialised in the Education
Sector
The role of these authorities is to enhance education in general within the Sul-
tanate, each according to their designated briefs. While the Ministry of Higher Edu-
cation oversees most areas of higher education, the Ministry of Manpower supervises
technical education within Oman as well as supervising private sector employment.
The Ministry of Education is responsible for the recruitment of teaching staff in
both sectors public and private. Recruitment in the public sector is managed by the
Ministry of Civil Service. It is clear through this overlap between the authorities
that the Council of Education is important in managing the educational process as
a whole. The presence of representatives of the private and public education sectors
in addition to representatives from the private employment sector should contribute
effectively to the shaping of education through overseeing the implementation of
education policy in Oman.
The development and implementation of education policies is the responsibility
of the Education Council, ministries and agencies concerned with education.
1.5.4 Implementing Policy
The Council of Education, in cooperation with the other authorities, implements
all that will help achieve its objectives. In this framework, the Council carries out
multiple tasks including the following: 1) drawing up policies related to education
and following up on their implementation; 2) organising the admission of students
in educational institutions in terms of number and type of course; 3) organising and
follow-up of the work of educational institutions and the accompanying licenses; 4)
follow-up of the educational process and difficulties encountered; and 5) drafting
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laws on education, (refer to Omani Education Council Jurisdictions 16.)
Implementing higher education policies requires stakeholders having the ability
to attain the objectives of the 16 principles of the philosophy of education. The first
objective is to enhance Higher Education quality and standard. To this end in 2014,
Oman established performance indicators (PIs) for Higher Education institutions.
The second objective is to provide students with the most demanded skills in the
labour market. The third objective is to enhance (or optimise) Higher Education
expenditure in terms of the type of study program and the assessment level of ad-
mitting students in each study program. Attaining these objectives, as well as other
objectives not yet discussed, should contribute to reducing the impact of graduate
unemployment in Oman, thereby reducing the misalignment problem.
1.5.5 Misalignment Problem
The misalignment problem is in part a result of not having the required skills
or qualifications for the labour market, and sometimes as a consequence of having
more graduates for limited vacancies (surplus) or too few graduates to meet a high
demand in a certain discipline. This thesis takes one part of the problem from the
Higher Education perspective. This part involves gathering and producing data in
three main areas in order to inform decision makers. The first is in regard to the
employment status of graduates. The second is in regard to the waiting period
until getting a job after graduation for various graduates. The last one is the time
needed to complete a certain degree in a certain study program. Addressing all these
issues to some extent will address the public concern regarding the Higher Education
response to graduate unemployment and the long period till first employment.
Investigation of the misalignment problem requires an understanding of Oman
population characteristics in terms of distribution, age, sex, nationalities and pref-
erences. For example, most Omani graduates prefer to work in the public sector, as
the sector provides job security and ideal work time compared to private sector jobs.
Women often prefer to work in the government sector as it suits their family duties.
It is also known that women are reluctant to join a job far away from their place
of residence, (MoHE 2018a). The following section highlights the characteristics of
the population of Oman.
16https://www.educouncil.gov.om/en/page.php?scrollto=start&id=14
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1.6 Omani and Expatriate Population
Oman is located in the south east of the Arabian Peninsula, and has borders
with three countries Saudi Arabia, United Arab Emirates and Yemen. There are 11
governorates in Oman, and there are 61 wilayats (cities) distributed geographically
within the governorates, which vary in both size and population.
1.6.1 Population Distribution
In spite of the eleven governorates in Oman in a land of 309,500 km2, more
than 50% of population are residents in the north and south areas of Oman, which
includes the capital city, Muscat. It can be seen in figure (1.3) that the population
distribution across the country is highest with 49% of the population in Muscat and
Al Batinah North governorates and lowest in Musandam and Al Wusta governorates
with only 1% of population for each. Most expatriates are in the Muscat governorate
(refer table 1.1 ) as government authorities and most trading and industrial areas
and main companies are located in this governorate.
Figure (1.3) Total Population by Governorate
Source: Oman Data Portal, the data as of September 2018.
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Table (1.1) Total Population by Nationality and Governorates as in 2017
No. Governorate Omani Expatriate All % of Total
1 Muscat 528,327 930,922 1,459,249 32
2 Dhofar 210,984 246,638 457,622 10
3 Musandam 28,477 16,094 44,571 1
4 Al Buraymi 54,818 59,516 114,334 3
5 Ad Dakhliyah 343,712 117,487 461,199 10
6 Al Batinah North 490,332 263,837 754,169 17
7 Al Batinah South 298,649 119,198 417,847 9
8 Ash Sharqiyah South 201,783 111,039 312,822 7
9 Ash Sharqiyah North 173,113 106,110 279,223 6
10 Adh Dhahirah 151,308 62,463 213,771 5
11 Al Wusta 23,866 21,290 45,156 1
Total 2,505,369 2,054,594 4,559,963 100
Source: Oman National Centre for Statistics & Information, Statistical Year Book 2018.
In order to understand the operation of the labour market in Oman, it is nec-
essary to understand the age structure of the population, when people will look
for jobs and when they will flow through from school to acquiring employment or
further education.
1.6.2 Age Distribution
According to the National Centre for Statistics and Information in Oman (NCSI),
the population of Oman was 4.56 million with about 2 million of these mid 2017
being expatriates17. Figure (1.4) shows the population distribution according to age
group in Oman, distinguishing Omani nationality and other nations expatriates.
The figure indicates that population in Oman has a bulge in youth age groups (0-4)
and (5-9) years and especially in those of working age groups between 20 and 39
years. The data showed that there is a large number of expatriates (1,421,367) in
the working age group between 20 and 3918 (refer figure 1.4).
17NCSI: Statistical Year Report 2018
18This age range was selected because it is the most representative of the youth stage when
people look for a job and move from a job to a job.
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Figure (1.4) Population by Nationality and Age Group
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Source: Oman National Centre for Statistics & Information, Statistical Year Book 2018.
Looking at the Omani population excluding expatriates (refer figure 1.5) shows
that the majority of the Omani population is young with 81% of Omani below 40
years of age and over 50% of Omani people less than 24 years. Those between the
ages of 15 and 34 years can potentially join the labour market if they do not have
jobs. A proportion of those who aged between 15 and 24 will soon look for higher
education and a job. Strategic planning is required in order to educate this large
youth proportion for good career prospects. The figure, also, indicates that there
is little difference between males and females in each age group in just the Omani
population. While in the expatriate population, the number of males whose ages
are within the 20-39 years is greater than the number of females in the same age
range. This difference is likely due to the high number of expatriate male workers,
as can be seen in figure (1.6) which indicates there are few female expatriates.
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Figure (1.5) Omani Population by Age Group
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Source: Oman National Centre for Statistics & Information, Statistical Year Book 2018.
Figure (1.6) Expatriate Population by Age Group
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Source: Oman National Centre for Statistics & Information, Statistical Year Book 2018.
Looking back at the historic data on Oman’s population, figure (1.7), it can be
seen that Oman’s population in general keeps increasing in both Omani and expa-
triate categories. Oman’s census in 2010 (figure 1.7) indicates that both categories
experienced a drop in 2010, followed by a constant increase from 2011 to 2017. In
2016, the number of expatriates in Oman exceeded two million.
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Figure (1.7) Population Growth by Nationality












Source: NCSI: Oman Data Portal
Expatriates or so-called “temporary visa holders” play a significant role in filling
the gap of not having enough residents to occupy vacancies in the labour market.
Increases in expatriates in any country has consequences in spite of their benefits.
One such consequence may be the injection of their culture, customs and traditions
into the local environment, and this may be unacceptable to the local community. In
addition there are the economic dimensions represented by the withdrawal of funds
from the Sultanate through their foreign transfers.
The number of expatriates needs to be managed properly as they may compete
with domestic job seekers. Expatriate workers have acquired jobs in various sectors
due to their acceptance of salaries lower than the government set Omani minimum
wage, consequently there are fewer opportunities for employing Omani’s. In order
to avoid this problem, the Omani government, represented by the Ministry of Man-
power, introduced the policy of Omanisation in 199419. Omanisation policy requires
private sector companies to achieve a certain percentage of Omani employees.
1.7 Structure of the Omani Education System
In order to examine students’ entry to the labour market it is useful to exam-
ine the structure of school education and higher education as they impact on the
employability of young people. The following section reviews the structure of the
educational system in the Sultanate, which is mainly composed of school educa-
tion and higher education, as well as vocational education, which will be outside
the scope of the study since the obtained qualifications are professional rather than
academic.
19In 1997, Royal Decree No. 95/97 was issued establishing a committee to follow up Omanisation,
and Omani Ministry of Manpower Resolution No. 124/94, issued on December 10, 1994.
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1.7.1 School Education
School education is a transit gate for students to a higher education system.
School education provides students with life skills and scientific principles that will
be used later to enrol in higher education or to join the labour market. After
completion of school education, students have completed twelve years of study, which
involves various courses, knowledge, and skills, which will have a major impact on
their enrollment in higher education. Based on the courses students have studied
and the scores which have been achieved, students have the right to apply for higher
education seats in which they meet the admission requirements20. These choices,
both in terms of choosing subjects in school education and in terms of the selection
of higher education programs later, will have a significant role for the recruitment
of students after the completion of study. Therefore, it is important to take into
account the number of these students in a manner appropriate to the future needs
of the labour market, balancing three main factors: the number of school graduates
annually, the number of higher education seats available and the needs of Omani
labour market for graduates.
According to the Ministry of Education Declaration (160) in 2007, the Omani
school education system consists of two stages; basic education and after basic ed-
ucation. Basic education receives students from the age of 6 years and it has 10
grades, while after-basic education has two grades 11th and 12th grades 21. Basic
education was outside the scope of this study, whereas those students who after com-
pleting grade 12 are allowed to enrol in higher education system was a focus. The
analysis of the admission process involving outputs of school education highlighted
the characteristics of students admitted to higher education, in terms of sex and
discipline in addition to the competitive rate of the last student accepted in each
study program. Further, after-basic education is where students can take different
subjects according to their interests and abilities.
After-basic education continues to develop students’ basic, work and career plan-





4. Problem Solving skills, and
5. Personal and Social skills
20Annual Student Guide to enter Higher Education, http://heac.gov.om
21School Education System, https://www.educouncil.gov.om/en/page.php?scrollto=
start&id=15
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After-basic education includes subjects designed to meet the varying needs of
students. These include subjects for those planning to join the labour market after
schooling and alternative subjects for those wishing to continue in higher educa-
tion in a specific discipline. Further, the Ministry of Education in Oman reported
(Education after-basic, 2007) that a number of students do not continue their study
after school in either higher education or vocational training. Students in after-basic
education are required to select specific subjects in both grades year 11 and year
12. These subjects give students the basic skills for certain jobs in the future or to
continue in a particular field in higher education. Alternative subjects in after-basic
education system are designed to provide students with employment skills including
literacy, numeracy, the ability to work in a team and ethical skills.
Student are also able to select some subjects, which meet their own interest, and
requirements for work or continuance in higher education. Furthermore, each school
has a career guidance specialist, who plays a significant role in guiding students to
have a better understanding of their abilities and capabilities and showing them the
best selection of subjects to provide them with the opportunity to either join the
labour market or enrol in a higher education institution. This guidance is managed
by the National Career Guidance Centre(NCGC) to enhance students’ employability
and ensure that each individual is capable of selecting what fits their situation in
terms of subjects.
NCGC was established in 2008 under the Ministry of Education to guide stu-
dents in after-basic education so as to have a sufficient picture of employing ca-
pabilities in all the labour market sectors. NCGC, also, has an important role in
sharing labour market data with educational institutions and parents. This centre
documents future projects and their need for staff, qualified expatriate workers and
the disciplines they occupy, and the rate of employment of graduates in various dis-
ciplines. These institutions are able to provide appropriate programs to meet the
needs of the labour market (Omanisation). They also help parents identify future
employment opportunities for their children. Additionally, NCGC develops a pro-
posal of future demand of the labour market, which may be used to assist students
in deciding their future careers. To summarise, the centre aims to help students
to join the labour market or to attend study programs in line with their desires
and the requirements of the labour market. It should also be noted that the centre
is not concerned in determining study programs and even distributing students on
these programs, as this is a function of the Ministry of Higher Education. Therefore,
the centre is concerned only with directing students towards the labour market or
towards higher education.
In after-basic education, there are two groups of subjects taught in 40 hours
CHAPTER 1. INTRODUCTION 22
weekly. The first group consists of Islamic Culture, Arabic Language, English Lan-
guage (A and B), Mathematics (Pure and Applied), Science (Biology, Chemistry,
Physics and Science and Technology), Social Science, Life Skills, Research Methods
and IT. The second group includes Music, Fine Arts and School Sports, in addition
to some extra subjects such as French and German Languages which will be pro-
vided in each school according to its available resources. All students are required
to study a research method subject followed by a project to enhance their research
skills and ability to learn independently.
To conclude, after-basic education is the final step before entering either the
labour market or higher education. In both cases, students need to be able to
distinguish between several subjects and select the best collection of these subjects
to meet their ambitions. This selection is enhanced by specialist career guidance,
which guides students to take the most appropriate selection of subjects for their
future career.
1.7.2 Higher Education
Since 1970, Oman has worked tirelessly to enhance higher education and edu-
cation in general to supply the labour market with well-educated national labour.
This work led to establishing the first government university in Oman named ”Sul-
tan Qaboos University” in 1986, which was followed by establishing the Ministry
of Higher Education (MoHE) in 1994 to take the responsibility of managing and
supervising the higher education sector in Oman.
Higher education is the next step for those pupils who finish year-12 in after-basic
education. It is open to those people planning to extend their education knowledge
by obtaining degrees such as Bachelor, Diploma, Higher Diploma, Master and PhD.
Each degree is recognised globally and has a minimum duration to complete certain
credit points, which is equivalent to a number of credit hours. Table (1.2) illustrates
the qualifications framework in Oman, which is enhanced and supported by the
Oman Academic Accreditation Authority (OAAA).
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Table (1.2) Omani Qualifications Framework
Level Credit Points Credit Hours Minimum Time Award Title
1 120 30 1 Year Certificate
2 240 60 2 Years Diploma
3 360 90 3 Years Adv. Diploma
4 480 120 4 Years Bachelor Degree
4 120 30 1 Year Grad. Diploma
5 120 30 1 Year Post. Diploma
5 150 - 180 30 - 45 1 - 2 Years after Bsc Master Degree
6 300 75 2 -4 Years after Msc Doctorate
Source: Council, O. A. (2004). Requirements for Oman’s System of Quality Assurance.
1.7.2.1 Higher Education Institutions in Oman
In general, the higher education industry is monitored by the Ministry of Higher
Education (MoHE), while other ministries or authorities participate in supervising
other institutions in higher education. Table (1.3 )illustrate the features of these
institutions and how they are managed and supervised.
Table (1.3) Supervising Higher Education Institutions in Oman
Higher Education Institutions Under Supervision of Count
Colleges of Applied Sciences (CAS) Ministry of Higher Education 6
Private Higher Education Institutions (PHEIs) Ministry of Higher Education 28
Institutes of Health Sciences, Nursing and Pharmacy (HLIs) Ministry of Health 13
Technical Colleges (TC) Ministry of Manpower 7
Sultan Qaboos University (SQU) Public University 1
College of Forensic Science (CFS) Ministry of Endowments and Religious Affairs 1
Total 56
Source: Higher Education Statistical System, data of Academic Year 2015/2016.
Higher education institutions are distributed in different governorates of the Sul-
tanate except Musandam and Al Wusta governorates, due to the low populations.
The capital of the Omani Governorate, Muscat, comprises 48% of the total higher
education institutions, (refer to table 1.4). Government educational institutions are
distributed to most governorates. Colleges of applied sciences are located in six of
the 11 governorates, similarly, technical colleges are located in six governorates in
addition to the Higher Technical College located in the capital. There are also 13
health institutes in these governorates, five of which are in the capital governorate.
The Omani government is working to distribute educational institutions in different
governorates in a fair manner that takes into account the population density of each
governorate22. The government is also working to increase the educational space in
line with future projects and development plans. It should also be noted that the
22Higher Education in the Sultanate of Oman, https://www.educouncil.gov.om
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admission of students in these institutions takes into account the introduction of the
student to the institution closest to their residence, but this does not prevent the
admission of some students into institutions not closest to their residence because
of the competitive basis of entry. In short, higher education institutions of various
kinds and names are now available in most of the governorates of the Sultanate in
order to provide a higher education close to students’ residences to ensure social
stability for these students. There is no restriction on the allocation of seats accord-
ing to geographical location (governorates), everyone has the right to apply in any
institution, but this is subject to the competitive rates and services that exist in
each institution such as the availability of internal housing, and the distance from
the institution to student residences.
Table (1.4) Institution Distribution by Governorates
Governorate CAS HLIs TC PHEIs CFS SQU Total Percentage
Ad Dakhliyah 1 1 1 1 4 7%
Adh Dhahirah 1 1 1 3 5%
Al Batinah North 1 2 1 2 6 11%
Al Batinah South 1 1 1 1 4 7%
Al Buraymi 2 2 4%
Ash Sharqiyah North 1 1 1 3 5%
Ash Sharqiyah South 1 1 1 3 5%
Dhofar 1 1 1 1 4 7%
Muscat 5 1 19 1 1 27 48%
Grand Total 6 13 7 28 1 1 56 100%
1.7.2.2 Student Admission into Omani Higher Education
In spite of the fact that Higher Education is open to everyone in Oman, there
are some restrictions on obtaining a scholarship for continuing higher education.
First, there is a competitive basis for the available scholarships in each year. Only
students who graduate after-basic education in that year are eligible to enter the
competition. The competition has a well-defined criterion, which involves students’
school subject selection and their marks in these subjects. However, for students
who graduated in previous years, they may compete in another scholarship system
which depends on the availability of scholarships from the private sector or abroad.
Second, students’ ages must be between 16 and 25 years by the first of October in
the registration year. Third, students must be Omani to get an offer of a scholarship.
In addition, the Ministry of Higher Education with cooperation from other countries
offer a number of scholarships for non-Omani students. By and large, the criteria
for selection were developed to enhance the quality of Omani students who enter
tertiary education by making sure that students are assigned to a program relevant
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to their interest and school subjects selection23.
Higher Education admission data are extracted from the E-Admission system
within the period between August and January in each year. It is worth mentioning
that until the time of extracting data, HEAC keeps offering a number of seat vacan-
cies in study programs, which may slightly change the actual number of students
admitted. It should also be noted that students admitted to study at their own
expense are not required to register in educational institutions through the HEAC.
This results in the unavailability of data for these students at the time of data extrac-
tion. However, data for these students are available through the Higher Education
Statistical System, which is fed in through the educational institutions.
Students admitted to higher education can be classified into four groups. The
first group is those students admitted to government seats in the Sultanate. More
than half of these students are admitted to the technical colleges. The second group
is students admitted to the programs of internal scholarships and grants in HE
institutions within the Sultanate. The third group represents the students admitted
in the programs of external scholarships and grants, namely students who study
abroad. The fourth group is for those students who could not join a funded program
and have the ability to afford tuition fees.
1.7.2.3 A Change in Student Admission
On the 1st of June 2011, as a reaction to public demand during the Arab Spring24
his Majesty Sultan of Oman directed the government to absorb more students into
the Higher Education System. The table (1.5) shows the data of students admit-
ted to Higher Education in three consecutive years. These years were selected to
illustrate the magnitude of changes in the Omani Higher Education system before
2010/2011 and after 2011/2012 and 2012/2013 due to the royal directives to expand
the Higher Education capacity to admit more students.
23The selection criteria are explained in the yearly published student’s guide by HEAC.
24The Arab Spring is a series of protests and demonstrations that swept through a number of
Arab countries in 2011 such as Egypt and Tunisia. In some of them turned into a civil war such
as Libya, Yemen and Syria.
CHAPTER 1. INTRODUCTION 26
Table (1.5) Number of Enrolled Students by Type of Fund in Three Sequential
Academic Years
Type of Funding 2010 2011 Change Rate** 2011 2012 2012 2013
Public Seats 13567 22% 16570 16742
Technical colleges 8006 33% 10624 10750
Sultan Qaboos University 2745 13% 3107 3214
College of Applied Sciences 1992 5% 2094 2078
Oman College of Health Sciences 637 -5% 605 633
College of Sharia Sciences 187 -25% 140 67
Internal Scholarships and Grants 3058 225% 9941 9738
External Scholarships and Grants 231 523% 1440 1395
Self Payment in Oman* 6851 -7% 6386 6397
Source: Annual Higher Education Admission Statistics.
* Source: The Annual Statistics Report of Higher Education in Oman.
**ChangeRate =
NewY ear − PreviousY ear
PreviousY ear
× 100%
The largest change in the number of seats was in the seats of external schol-
arships, as the number of enrolled students in the academic year 2011/2012 was
approximately six times more than counterparts in the previous academic year. In
the past, the number of external scholarships did not exceed 250 scholarships in
the best cases, and now there are about 1,400 scholarships every year. The number
of internal scholarships has also increased by 225% after the royal directives. The
number of governmental seats has also risen, albeit at a lower rate. In general,
the percentage of change in governmental seats was 22%. The largest increase was
in the seats of technical colleges, as it has increased by about a third. It is also
noted from the table that there are negative changes, as the admission process is
not finished when the annual report data is extracted for these sources of data. The
decrease in self payment is likely to be due to the increase in funded seats. The
small reduction in the number of enrolled students in the Oman College of Health
Sciences maybe due to student preferences in terms of being able to access funded
seats in another institution or preferring another discipline rather than health sci-
ences. Perhaps one possible reason for the decrease in students enrolled in College
of Sharia Sciences is the college’s reduced capacity to admit students when there
have been few graduations. A further analysis is needed to analyse the capacity of
Omani higher education institutions to admit student while there are a number of
students who may repeat more than one time a year of study, but will be kept for
a future research.
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Figure (1.8) Enrolled Students Distribution by Type of Funding
Figure (1.9) Enrolled Students Distribution by Type of Funding Seat
1.8 Methods of Modelling
Different methods have been used to deal with the issue of matching gradu-
ates with labour demand (Al Harthi 2011; Atchoarena 2009; Machin and McNally
2007; Weert 2011). For example, one method is the Non-linear Goal Programming
(NGP) model for better allocation of students and this has been applied to King
Abdul-Aziz University in Saudi Arabia, (El-Quliti et al. 2015). The researchers for
this project stated that such modelling could be improved by adding a constraint
on the job availability in the labour market, El-Quliti et al. 2015. This study seeks
to improve the current methods of planning HE in terms of the admission issue
by adjusting the number of new students in HE to cope with change of the labour
market demand. The NGP method is effective when planning inputs to align with
targets set according to available sources. The NGP method covered all the pro-
posed study variables, discipline, the proportion of students in each discipline, sex,
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weighted average score from high school with a view to optimising admission into
Higher Education. There were, however, two outcomes of interest that were not
analysed. The first is the period spent by university students in each year of study,
as this period gives indications of the likelihood of students completing a program
in addition to the expected duration of each year of study. The second outcome is
the waiting period for a job after graduation, which gives important indicators of
the recruitment process.
The study filled the gap through considering both outcomes: the number of cur-
rent students graduate employment/unemployment together with employer demand
in each discipline before making the decision regarding HE admission numbers for
each study program.
The study involved integrating a model of different statistical techniques to
inform decision makers such that they can improve the HE system in terms of
planning HE admission. Such a model involved the use of different techniques to
explain student behaviour in the HE system, in addition to the fixed variables such
as sex, discipline, employment status and study status variables. The study, also,
involved conducting a sensitivity analysis to assess the influence of possible changes
to the model’s input.
A review of the literature suggests that there is no such study that builds a
statistical (conceptual/dynamic) model to inform the problem of graduate unem-
ployment, and certainly there is not in Oman. So, having this type of study may
assist HE planners in Oman to solve this problem or at least minimise the conse-
quences by predicting the expected number and characteristics of potential students
seeking to enrol in HE and, after predicting the demand for graduates, distributing
those graduating school students into different majors through establishing allowable
places or scholarships.
The method used in this study has four parts. The first three parts are related
to the three transitions in the HE system; students admission, student progression
and graduate employment. The fourth part is about linking all these parts in one
conceptual model, (refer figure 1.10).
In order to address student transition through the HE system, the proposed
study adopted a Markov chains method to model their transition. Much of the work
undertaken with Markov chains has been in the military discipline (Škulj, Vehovar,
and Štamfelj, 2008; Zais and Zhang, 2016), with less research in the education
discipline (Adam, 2015a; Mashat, Ragab, and Khedra, 2012). This research looked
at the Markov chains method as a way to estimate the number of current students
in each discipline in addition to the expected number to graduate every year.
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Figure (1.10) Proposed Conceptual Model
In modelling student transitions, there are two different challenges to contend
with. The first one is that there are drop-outs and transfers from one study program
to another, which may affect the enrolment numbers in each discipline. The second
one the enrolment size (number of admitting students in the HE system), which is
treated as fixed in most literature with an integer value representing the number of
potential entrants to the system.
1.9 The Main Objectives
The main aim of this research is to explore ways to optimise HE admission
policy25 by developing an integrated model of the HE system. In building this
model, several overarching questions were addressed to produce a statistical model to
predict the number of students needed in each study program to meet unpredictable
demand for graduates. Through such modelling it is expected that the HE system
in Oman can be better optimised.
The model building process can be achieved by understanding and linking the
components of HE system in terms of new students, current students and graduates
in each study program, and aligning these with the available funds and expected
demand for graduates.
1st Objective: To investigate the impact of admission factors on student grad-
uation. This objective is concerned with the process of accepting students in HE,
as it works on a competitive basis. There are two components involved in this pro-
cess, the number of potential students and the number of available HE seats. The
relationship between these components determines the competitive aggregate school
mark to enter each study program, and this may have an influence on graduate
25Decision making regarding admission.
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employability. Thus, investigation works with the current data and variables that
decision makers use when allocating seats.
2nd Objective: To investigate the influence of student characteristics on stu-
dent transition within the HE system. This objective aims to identify the factors
that affect the student’s progress in university studies. Achieving this goal will
inform decision makers about these factors and their impact on completion and
dropout rates in addition to estimating the number of students in each academic
year of each program.
3rd Objective: To determine the best way to shorten the waiting period after
graduation. This is one of the most important periods and graduates hope this
period is as short as possible. The study of this period and the most important
factors affecting them will enhance the graduate’s chance to get a job in a reasonable
time. By achieving this goal, it is possible to find out the reasons behind the delay
in recruiting graduates and suggest appropriate ways to address them. It is also
from this study that it is possible to redistribute the seats in accordance with the
status of graduates in the post-graduate period.
4th Objective: To build a conceptual model of student transition in Omani
Higher Education system. This goal aims to improve the policy of admission to
higher education to ensure better opportunities for graduates in the labour market,
spend less time waiting for the job, and more importantly reducing the accumulation
of job seekers in a specialisation. Achieving this goal requires achieving the above
objectives and using their results in building this model.
1.10 Thesis Structure
One of the main objectives of higher education in Oman is educating students to
have the required skills and knowledge to compete in a dynamic labour market. This
objective may not be achievable unless there is a strategic plan for those students
who graduate from schools every year and seek a job. To enhance the efficiency of
this plan several issues should be considered. First of all, the number of students
increases every year. Secondly, the labour market changes dynamically. Thirdly,
some qualifications are more in demand in the labour market than others. Fourthly,
the required skills in the labour market need to be identified, as they may vary over
time.
This thesis examines three stages related to students progression in Higher Ed-
ucation admission, transition within HE and transition to the labour market. The
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second chapter aims to investigate the impact of admission factors on student success
in Higher Education, by analysing student admission data into the Higher Education
system. The third chapter aims to models students’ transition within the system
and estimates the needed period to acquire a degree in certain disciplines. The
fourth chapter aims to investigate graduate waiting period for employment.
Outcomes of these three stages are combined together in one integrated model
in the fifth chapter. This chapter aims to provide decision makers with the best
scenario for admitting new students every year to match with the current status
of graduates employment in terms of number of unemployed graduates and the
waiting period for first employment. Further this study will give planners in the
Omani Higher Education guidance on the type of data needed to be gathered, to
improve upon results obtained in this study.
Chapter 2
Transition into Higher Education
(Admission)
This chapter considers the process of admitting Omani students into higher ed-
ucation. In this context, several issues are considered. The first one is exploring
student allocation to disciplines. The second one is investigating the relationship
between admission variables (high school competitive scores, sex and other demo-
graphic variables) and graduation grade (GPA). The chapter consists of four sections
in addition to the introduction section. The second section reviews the relevant work
on admitting students into higher education in terms of policies and criteria used
to select students. The third section illustrates the method used to investigate po-
tential relationships between student competitive grades and academic assessment
after graduation.The fourth section presents the results and discussion, and finishing
with a conclusion section.
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2.1 Introduction
Higher education is the gateway to the future for those who want to have modern
knowledge and skills, as well as a corridor to the labour market and the world of
employment. Admission to higher education is one of the topics that is of great
interest to policy-makers in education, as well as to students and their parents.
The admission process can be seen as a student transition from school education
to university education. The process is a milestone in a students’ practical and
academic life as they move to a new stage of life after graduation which will aid
them to secure a better career. In this sense, governments are striving to provide
higher education that is compatible with the future needs of graduates.
Higher education, to fulfil its role in any country’s development, needs to be
well-planned and regulated through efficient policies. One of the education policies
is the admission policy, which organises student admissions to tertiary education
in general. Countries usually develop policies to regulate their peoples’ admission
to higher education. For enrolments in higher education to be responsive to the
needs of society and the individual it needs to take into consideration individual
differences between students in terms of their desires and their scholastic and func-
tional tendencies, as well as the needs of the labour market for graduates in terms
of knowledge and required skills at work.
The policy of admission to higher education is concerned with determining the
criteria and requirements for admission of high school graduates into higher educa-
tion. The admission policy also include determining the target number of students to
be admitted and then allocated to different disciplines. However, despite the efforts
to regulate the mechanism of admission to higher education, there are still some
obstacles that stand in the way of student success in completing their studies and
obtaining a qualification that gives them a passport to the labour market. Therefore,
to overcome the obstacles, policy-makers need to continually assess current policies
and then work to improve them to achieve the desired goals of education in meeting
the requirements of sustainable development.
Admitting students to tertiary education should be tied to the needs of the
labour market for graduates to ensure that there is no shortage of graduates in a
certain discipline and surplus in another discipline. Therefore, it is important to
have admission policies based on scientific knowledge taking into account the needs
of the labour market and the general policy of the country.
Planning admission is usually done in accordance with the country’s ideology,
policy, and philosophy of education. This opens the door to two types of admission
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policies in higher education. The first type is making higher education available
for all, which will increase access to higher education. In this type of admission
students can enter higher education as long as they meet the minimum admission
requirements. This poses issues in terms of the capacity of the institution when the
number of students who meet the admission requirement is more than the number of
available seats. The other type is restricted admission to higher education according
to various conditions. In the latter type, admission is limited to those students who
meet the requirements for admission to higher education, for example sex, address,
age and high school scores. This type, usually, gives special consideration to those
students who are in difficult financial conditions, such as low-income and social-
welfare students, by allocating a portion of the available seats to them.
2.1.1 Allocating Higher Education Seats in Oman
According to the authority in the Ministry of Higher Education in Oman1, study
programs in higher education are determined based on the needs of the labour mar-
ket. The needs of the labour market are addressed through the relevant authorities
in the public and private sectors. The number of students to be admitted in each
course and specialisation is calculated on a number of criteria as follows:
• The extent to which the Omani market needs these specialities.
• The ability of educational institutions to absorb students in these disciplines.
• Contracts established with some institutions (such as for the medical disci-
plines).
After communication with employers and the recruitment agencies each year,
the Ministry determines the numbers of students in each specialisation according to
the needs of the Omani labour market. It is noticeable when reviewing this method,
that there is an absence of specific references or statistical or economic models to
determine the actual needs of the labour market for graduates.
Decision making regarding numbers and disciplines does not consider the num-
ber of graduates looking for work and the number of students due to complete in
each discipline, or the length of time spent by graduates until obtaining their first
job. Therefore, this study seeks to include these variables when proposing suit-
able allocation of Higher Education seats. In order to examine the variables the
data in this section has been obtained from the annual Higher Education Admission
Statistics for several sequential academic years since the establishment of the Higher
1The information has been obtained via official email in 15/01/2019.
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Education Admission Centre in 2005. Admission data are usually extracted in the
middle of the academic year, although there may still be some study seats are vacant
at this time.
Before going to the historical allocation of scholarships, it is worth mentioning
that the scholarship term includes all types of funded seats (public seats, scholarships
and grants) and those seats reserved for social welfare and low income students.
The Higher Education Admission Centre was established in 2006 and started
publishing statistical reports on an annual basis. The main change in the number
of Higher Education seats was in the academic year of 2011/2012, when the Omani
government decided to dramatically increase higher education capacity to absorb
more students (refer table 2.1).
The distribution of seats generally depends on student scores in high schools.
There are some exceptions in certain disciplines which require a particular sex to be
admitted.For example, a bachelor of education for basic education is dedicated for
females as the basic education in Oman is taught by females for both sex. While
bachelor of education in scientific subjects (such as English language, physics, chem-
istry and biology) is dedicated for both male and female students2. In other study
program, there is no policy says that nursing discipline is for females, but it becomes
common practice for females to go to nursing discipline. In contrast, engineering
discipline attract more male students than females due to the nature of the work
after graduation, which may require more physical effort and work in a desert for
more than two continuous weeks.
According to the admission data of previous years, it is clear that in the period
before the decision to increase the capacity of higher education in 2011, the number
of male students exceeded their female counterparts by more than 12 percent. Thus,
with the increase in the number of seats, the percentage has changed to the opposite,
with the females taking the more seats with 57 percent and 43 percent for males.
It is clear from this that the increase in the number of scholarships led to a higher
percentage of female admissions than their male counterparts, perhaps due to the
limited number of internal scholarships previously, which admitted a fewer number
of females in higher education in general (refer table 2.1).
2Refer to Student’s guide to higher education 2020/2021
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Table (2.1) Higher Education Seats Allocation by Gender and Academic Years
Academic Year Male (%) Female (%) Total
2008/2009 8260 (58.3) 5908 (41.7) 14168
2009/2010 8160 (57.7) 5988 (42.3) 14148
2010/2011 9455 (56.1) 7401 (43.9) 16856
2011/2012 12612 (45.1) 15339 (54.9) 27951
2012/2013 12585 (43.7) 16189 (56.3) 28774
2013/2014 12876 (40.9) 18632 (59.1) 31508
2014/2015 11201 (42.8) 14950 (57.2) 26151
2015/2016 10530 (41.3) 14939 (58.7) 25469
2016/2017 10077 (42.4) 13699 (57.6) 23776
2017/2018 10173 (41.7) 14248 (58.3) 24421
2018/2019 10288 (43.2) 13549 (56.8) 23837
Source: Annual Report of Higher Education Admission Statistics
Gender gap is used to measure the difference between females and males in a
certain area such as enrolment into higher education, joining in labour markets, and
wages. In higher education the gender gap is found by computing the females to
males ratio, which uses, according to UNESCO, total enrolment in higher education
(gross rate), regardless of age. Countries around the world are working hard to
reduce the gender gap by adopting specific policies in this regard. In this context,
UNESCO publishes periodically a report on the (Global Gender Report). The report
includes an indication of the females to males ratio among those enrolled in higher
education (refer table 2.2). In Oman, there are two females for each male enrolled
into higher education. Kuwait has a similar ratio to Oman. Australia has achieved
a fairly balanced rate of (1.42). With a rich country with a small population like
Qatar, for every male enrolled in higher education, there are about eight females
as well. Other countries such as Yemen, where the war is present, females suffer
in obtaining education and higher education in specific and the females to males
ratio becomes as low as 0.44. In Africa, where there are many problems like wars,
culture and poor economy, unfortunately females have a lower chance to get in
higher education than male counterparts. To sum up, access to higher education is
restricted to countries nature and ability to provide it for both males and females
equally. Therefore, it is very important to have stability in countries in order for
females to obtain education.
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Table (2.2) Female to Male Ratio of Enrolment in Higher Education
No. Country Female to Male No. Country Female to Male
1 Qatar 7.83 9 USA 1.36
2 Kuwait 2.13 10 UK 1.36
3 Oman 2.11 11 China 1.22
4 Tunisia 1.8 12 KSA 1.05
5 Venezuela 1.69 13 Uganda 0.73
6 Sri Lanka 1.48 14 Senegal 0.68
7 South Africa 1.43 15 Tanzania 0.54
8 Australia 1.42 16 Yemen 0.44
Given the difficulty and complexity of life, especially for low-income and social-
welfare recipients, higher education is their way out of poverty. In this regard, the
Omani Government has allocated a certain percentage of seats for them. There
are about 1,500 seats reserved for social-welfare students and about 500 seats for
low-income students. The disparity in the numbers in table (2.3) is due to the
presence of other bodies that offer a number of grants to this category as a social
and humanitarian duty. It is noted that the number of reserved seats allocated has
not been positively affected by the increase in the number of seats in 2011/2012,
because social welfare students have been able to compete and obtain many of the
increasing number of public seats and external scholarships.
Table (2.3) Percentage of seats allocated to social-welfare and low-income stu-
dents out of total funded seats
Academic Year Social Welfare (%) Low Income (%)
2008/2009 1520 (10.7) 669 (4.7)
2009/2010 1596 (11) 723 (5)
2010/2011* 1470 (8.7) 699 (4.1)
2011/2012 1495 (5.3) 610 (2.2)
2012/2013 1526 (5.3) 589 (2)
2013/2014 1684 (5.3) 1735 (5.5)
2014/2015 1373 (5.3) 514 (2)
2015/2016 1514 (6) 620 (2.5)
2016/2017 981 (4.2) 508 (2.2)
2017/2018 935 (3.9) 547 (2.2)
2018/2019 206 (0.9) 596 (2.5)
Source: Annual Report of Higher Education Admission Statistics.
* Year of change.
The seats offered to social welfare students have remained almost the same,
except for the last three years, with an average of 1,500 seats and reaching the peak
in 2013/2014 with 1684 seats (refer table 2.3). The same is true for low-income
students where the number of seats offered ranged between 500 and 725 with the
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exception of 2013/2014, there was a dramatic increase to 1735 students. Looking
at the percentage of seats offered for each category (refer figure 2.1), it is clear that
there is a gradual decrease after the year of the change in 2011. For social welfare
students, the percentage of seats offered represented at least 8.7% of all funded seats,
falling to 5.3% during the four years following the year of the change, followed by
an increase to 6% and then a decrease down to less than 1% in 2018/2019. There
is a change in the number of seats for social welfare students despite the stability
of these seats at 5.3 during the period from 2011 to 2015, and this is because the
change in the number of social security students seats coincides with the change in
the number of seats funded in general (refer table 2.3). The numbers of seats for
low-income students showed a constancy about the percentage of these seats offered
after the year of the change (2011), as the percentage remained between 2% and
2.5% with the exception of the year 2013-2014.
Figure (2.1) Funded Allocated Seats to Social Welfare and Low Income Stu-
dents
The percentages above are out of the total number of funded seats.
Education for education’s sake would not require a particular allocation of higher
education seats, but planning the allocation is needed when the society, either stu-
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dent or employer asks about the perceived spending of money on undesirable special-
isations. Therefore there is a need for a specific plan to regulate student admission
to higher education. According to government objectives, the student distribution
in disciplines should be based on the actual need of the labour market for future
graduates.
In terms of the actual allocation of seats, about 70% of the funded seats (gov-
ernment seats, scholarships and grants) go to three main disciplines: Engineering,
Management and Commerce, and Information Technology (refer table 2.4). It is
also noted that this situation did not change greatly even with the increase in the
number of seats funded in 2011/2012, which indicates that the process of distribu-
tion of students in disciplines did not undergo changes except for the decrease in
the proportion of seats allocated to education and health disciplines.
From the data table (2.4) it is clear that there is reasonable stability in the dis-
tribution of HE seats over a sequence of academic years. For example, about 33% for
engineering and about a quarter of the seats for management and commerce.
Table (2.4) Funded HE Seats Allocation by Discipline
Major/Academic Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15
Engineering and related tech-
nologies
31.4 30.9 32.6 30.2 35.6 34.8 33.1
Management and commerce 7.7 21.8 20.1 24.1 22.2 23.9 25.2
Information technology 12.8 20.1 19.5 22 17.1 13.2 13.5
Society and culture 5.5 5.7 7.1 3.8 8 9.8 10.5
Natural and physical sciences 14.7 5.1 5.7 7.2 5.8 4 5.7
Health 7.7 7.2 7 5.5 5.3 3.9 4.7
Education 4.2 3.2 1.8 1.2 1.4 1.2 1.6
Creative arts 0 1.4 1.4 2.2 2.2 4.8 3.1
Agriclture, environmental
and related studies
2.1 2.1 2.2 2.1 0.6 1.5 1.9
Architecture and building 0 0 0.1 0 1.1 0.4 0.2
Religion and philosophy 2.4 2.4 2.2 1.2 0.2 0.3 0.5
Personal services 0 0 0 0 0.2 1.9 0.1
Not specified 11.5 0.1 0.3 0.5 0.3 0.3 0
Total% 100 100 100 100 100 100 100
Total 14168 14148 16856 27951 28774 31508 26151
In order to test the data for statistically significant change, the Mann-Kindle test
is usually used to detect a trend on a series of data (refer equation 2.1), (Pohlert
2018). In this test, the null hypothesis is that H0: There is no trend in the se-
ries, which means there is no significant change in the seat allocation for a certain
discipline. The p-value for each test reveal no trend in engineering (p=0.293), in-
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1 if x > 0
0 if x = 0
-1 if x < 0
The result of testing the trends in various variables is summarised in table
(2.5). Three disciplines show no statistically significant change on the allocation,
suggesting that the allocation of the disciplines at (α=0.05) almost remain the same.
The other disciplines which show significant change on seat allocation varied between
upward trend (Society and Culture and Management and Commerce) and downward
trend (Health and Education). The trend direction is measured by Kendall’s τ ,
with negative values indicating a decreasing trend and positive values indicate an
increasing trend (refer table 2.5). Decreasing trends may not indicate a reduction
in the number of HE seats, rather a decrease in a particular discipline may be due
to unchanged number of seats in this discipline while the total number of seats
increased.
Table (2.5) Testing the change of seat allocation by discipline
Discipline Kendall’s τ S’ Var(S’) p-value Test at alpha = 0.05
Engineering and related
technologies
0.333 7.0 44.333 0.293 H0 cannot be rejected.
Management and com-
merce (increasing)
0.714 15.0 44.333 0.036 H0 should be rejected.
Information technology -0.143 -3.0 44.333 0.764 H0 cannot be rejected.
Society and culture (in-
creasing)
0.714 15.0 44.333 0.036 H0 should be rejected.
Natural and physical sci-
ences
-0.293 -6.0 43.333 0.448 H0 cannot be rejected.
Health (decreasing) -0.905 -19.0 44.333 0.007 H0 should be rejected.
Education (decreasing) -0.586 -12.0 43.333 0.007 H0 should be rejected.
Creative arts (increas-
ing)
0.851 17.0 42.333 0.014 H0 should be rejected.
In general, the Ministry does not count on the geographical distribution of
students’ admission, but in some cases admission to certain institutions depends
on geographical location. For example, nursing institutes are present in seven out of
11 governorates, and about 95% students admitted to these institutes are residents
of the same governorates of the institute, (refer table 2.6).
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0 0 0 0
Adh Dhahirah (DH) 0 0 0 203 (89.0%) 0 0 0
Ad Dakhliyah (D) 0 0 0 1 (203) 91.0% 0 0
Al Batinah North
(BS)
0 0 0 0 0 201 (100%) 0
Al Batinah South
(BN)
0 0 0 0 0 0 119
(91.5%)
Muscat (MC) 0 1 0 0 1 0 0
Musandam (MU) 0 0 0 0 0 0 10
Al Buraymi (B) 0 0 0 24 0 0 0
Al Wusta (W) 0 0 2 0 19 0 0
Total 343 231 209 228 223 201 130
Half of the funded seats go to students in three governorates, Muscat, Al Bati-
nah North and Ad Dakhliyah (refer table 2.7). This is due to the fact that these
governorates are the most populous of the governorates. These governorates have
about 50% of the total population of the Sultanate, table (1.1).
Table (2.7) Percentage of Admitted Students by Governorates
Governorate/Academic Year 08/09 09/10 10/11 11/12 12/13 13/14 14/15
Muscat 13 15.4 14.1 16.7 19 18.5 18.1
Al Batinah North 18.6 18.2 18.7 19.2 18.3 19.2 17.8
Ad Dakhliyah 13.8 15.6 15.1 15 15.7 15.2 15.9
Al Batinah South 13.3 12.7 12.1 13 13.5 13 12.4
Ash Sharqiyah North 8.5 7.4 8.6 7.9 7.6 7.5 7.4
Ash Sharqiyah South 9.2 9 9.3 8.6 7.3 7.6 7.7
Adh Dhahirah 8.1 8.2 7.6 7.8 7.6 7.2 7.1
Dhofar 11.3 8.9 9.2 8.1 7.4 8 8.9
Al Buraymi 2.2 1.6 2.1 1.9 2.1 2.4 2.8
Musandam 0.6 0.6 1 1 1 0.8 1
Al Wusta 0.6 1 0.9 0.7 0.6 0.6 0.7
Not Specified 0.8 1.5 1.2 0.1 0 0.2 0.2
Total% 100 100 100 100 100 100 100
Total Number 14168 14148 16856 27951 28774 31508 26151
There is no statistical model used to allocate seats to students in Omani Higher
Education system. As noted, the numbers of students in each discipline are deter-
mined based on meetings and correspondence between the Ministry and those con-
cerned with graduate employment in both private and governmental sectors. This
method remains questionable. As noted earlier in table (2.5) there were significant
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changes in terms of student proportions assigned annually to each discipline except
three disciplines did not show a significant change on the allocated proportion (engi-
neering, IT and sciences), which might be expected if admission was in response to
the market. Student admission data suggests that the allocation of seats is mainly
related to disciplines regardless of geographical areas. While there was an increase
in the proportion of females in some educational institutions, some institutions such
as Sultan Qaboos University admits almost the same number of males and females
annually. Some institutions do not consider sex as a criterion for admission in their
programs such as those of internal scholarships (private institutions).
2.2 Literature Review
Admission to higher education is an important issue in the world, given that
the higher education stage represents a transition between school education and the
labour market. Higher education is based on teaching and qualifying students with
the knowledge and skills necessary to join the labour market. Studying the impact of
student admission on study outcomes (graduation, drop-outs and postponing study)
is crucial for policy makers in terms of potential opportunity to modify student
admission criteria to avoid any future obstacles. For example, the high drop-out
rates for males in the management discipline in private higher education institutions.
Such a situation can be easily linked, for example, to the admission requirement,
which can be downgraded in the case of having a surplus of higher education seats.
So, it is important to look to other work on linking higher education admission
to the outcomes of higher education world wide. To find these works in the last
five years, the author used the ‘Scopus’ database by using several keywords which
are ‘admission OR enrolment’, ‘study OR education OR college OR university’,
and ‘outcome OR achievement’ in all fields of search (title, abstract and keywords)
producing 46,620 articles. However, going through these articles it seems there are a
large number of articles which are out of the scope of this thesis, so to find the most
relevant articles the searching criteria have been updated to look for the keywords
only on the article title rather than other fields. This step produces 135 articles,
which required further examination to determine the most relevant articles to the
issue of linking higher education admission to the study outcomes.
Higher education is an important input to the labour market as it involves prepa-
ration for graduates providing them with knowledge and skills necessary to join the
labour market. It is therefore important to have clear and practical planning for the
process of admission to higher education and to meet the requirements of the labour
market. Reviewing the literature on higher education admission shows various is-
CHAPTER 2. TRANSITION INTO HIGHER EDUCATION (ADMISSION) 43
sues in this context; achievement in the first year of study, equality and access to
higher education, predicting the impact of adjusting admission policy on graduate
completion, student transition and retention and the impacts of changing admission
policy. In the following subsections the following issues will be considered:
1. Achievement in the first year of study.
2. Degree completion.
3. Higher education admission policies
4. Adopting updating admission policies.
5. Admission scores.
6. Special Consideration.
7. Planning Admission into higher education.
8. Variable selection on examining study outcomes
2.2.1 Achievement in the First Year of Study
Firstly, consider articles related to student achievement in the first year of study.
This period is important to policy-makers as it can be used to predict student per-
formance in the following years of study. For the purpose of predicting student
outcomes, analysis of variance has been used to find the difference between three
channels of student admission in Indonesia, National Academic Achievement Se-
lection of State Islamic Higher Education Institution, entrance admission for the
State Islamic Higher Education Institution, and Mandiri Selection (Muhida et al.
2019). The results showed differences in average academic achievement exist be-
tween these channels of admitting student in higher education. GPA in the first
year of study has been used to compare the difference between different groups of
students (applicants who meet the admission criteria, applicants who are evaluated
by the admission committee to get approval, and those applicants who may apply
to one college and they must enrol to that college) in the USA (Lewing et al. 2019).
Admission criteria play an important role in admitting students, and it may have
an impact on student admission and progression after that. Examining the impact
of the admission criteria on student GPA in the Kingdom of Saudi Arabia (KSA),
shows a positive relationship between the admission criteria and annual GPA (Al
Qahtani and Alanzi 2019). Student GPA is an important indicator of student per-
formance in higher education, and can be affected by other tests such as aptitude
test scores and achievement test scores. That is the result of admission tests can
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have an influence on student GPA. It has been found that first term GPA is posi-
tively related to study related tests and intelligence test scores (Wahl and Walenta
2017).
Strategic enrolment management (SEM) is an important component in the ed-
ucation process as it provides a full view on the admission process and its impact
on study outcomes. Useful information can be obtained by using SEM, such infor-
mation involves achieving a number of objectives in terms of enrolment, retention,
and graduation (Ng and Galbraith 2016).
2.2.2 Degree Completion
Two works, (Declercq and Verboven 2018; Albæk 2017), show how admission
can be improved by either predicting the impact of modifying admission policies or
through optimising the admission procedure. An ex ante screening policy was used
to predict the potential effects of implementing a policy or amending an existing
policy. The ex ante screening policy is used to analyse the impact of adopting new
policy. This method was used to investigate the impact of initialising enrolment
on degree completion (Declercq and Verboven 2018). They found that introducing
well-designed modification on admission standards could decrease unsuccessful first
admission without reducing degree completion. It seems to be a difficult situation
to balance the enrolment goal and degree completion within an acceptable period
(Declercq and Verboven 2018). Allocating resources efficiently and minimising drop-
out or delay is achieved by matching students in terms of sex, age, high school of
affiliation, and high school study program to educational programs accordingly to
their skills (Declercq and Verboven 2018).
For the issue of degree completion, increasing the number of graduates is a
desirable goal for decision makers due to its importance in giving an indication
of the educational institution capability to graduate more students. A policy of
optimal admission has been used to achieve such a goal (Albæk 2017). The optimal
admission method relies on finding a set of criteria that will maximise the graduation
rates of the study program in higher education (Albæk 2017). Determining such
criteria, data on admitted students in bachelor programs has been used, which
involves high school GPA, high school selection of subjects. These variables are
then used to build a probability model of graduation. The probability of graduation
may depend on students’ selection of school subjects (Albæk 2017). So, the obtained
probability model derive a policy rule on subject selection that maximises graduation
rates.
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Student transition from school education to higher education may not be easy
for all, as some of them may face a challenge to adapt to the higher education
system which may affect their performance. In order to identify the difficulties and
to address them, descriptive statistics were used. Among student characteristics in
preparatory year program, college-level mathematics was the main difficulty facing
Saudi students (Khoshaim 2017).
2.2.3 Higher Education Admission Policies
Higher education admission policy determines the criteria for admission to higher
education in terms of the required student numbers in each course and in terms of
the conditions for admission to each course. Admission policies vary among countries
according to the policies, and the ideologies of each country, in addition to economic,
social, political and educational factors. Admission policies may, also, vary accord-
ing to the different institutions and their nature in terms of the resources available,
capacity and programs offered. Therefore, the admission policy can be seen as a
reflection of all these factors.
Admission processes can be either managed centrally or independently. For
example the admission into higher education in Oman is managed centrally via the
Higher Education Admission Centre (HEAC). Such management involves conducting
and managing examinations (entrance or leaving) and allocating students into higher
education seats. It is claimed that the more the government controls the admission
process, the more it is able to control the outcomes of higher education to enable it
to achieve its development and strategic goals (Helms 2009).
A comparative study on the admission of undergraduate students in public in-
stitutions, indicated that there are different admission procedures for private ed-
ucational institutions which are an integral part of the educational process be-
cause they represent a supporting role for government education institutions (Helms
2009).
Four major factors affect admission systems: type of examination, secondary
school preparation, application materials and demographic factors. However, there
is no perfect system as the efficiency of each system is affected by government
structure, economic factors, labour market, culture and national strategic priorities
(Helms 2009).
A comparative study of admission systems in Higher Education institutions at
the undergraduate level undertaken in collaboration with the World Bank revealed
admission policies can be categorised in five groups (Helms 2009). The five types of
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admission systems were summarised as follows:
1. Secondary leaving examination whereby the candidates scores on one or more
secondary leaving examination. These are being applied in Egypt, Ireland and
Tanzania (Helms 2009) and in Oman (Kindi 2016), Qatar (Qatar University
2019), Jordan (World Education Network 2019a), Tunisia (World Education
Network 2019b) and Australia (Universities Admissions Centre 2019).
2. Entrance examination, candidates scores on university entrance examination
are considered, this type is managed independently by institutions. This type
has be applied in China, Iran and Georgia (Helms 2009).
3. Standardised aptitude tests where the admission relies on candidate’s score in
an aptitude test. This type is often used in Sweden and the US (Helms 2009).
4. Multiple examinations involves either leaving or entrance examination and
aptitude tests. This type is adopted in Japan, Brazil (Helms 2009), Saudi
Arabia (Unified Electronic Admission Riyadh 2019) and UAE (UAE Ministry
of Education 2019)
5. No examination is required to admit students in higher education. Norway
relies heavily on secondary school performance, while in Canada students
need only to complete secondary school to gain admission to higher educa-
tion (Helms 2009).
The selected models in Arab countries show a wide use of either secondary
leaving examination and multiple examination types.
Governments have the ability to increase or decrease the number of students
admitted to meet supply and demand for graduates, but such adjustments may take
a number of years to balance the supply and demand for graduates in the labour
market (Helms 2009).
2.2.4 Adopting Updating Admission Policies
Applying a new admission policy or amending an existing policy has a wide
impact on the educational process. Therefore, it is important to study such effects
carefully because of their subsequent impacts on the outputs of the educational
process, for example, completion, retention, graduation, and dropout rates. In order
to identify such effects, a difference in difference (DiD) 3 method has been used. Two
3The DiD approach works through finding the difference in average outcome of the treatment
group before and after treatment minus the difference in average outcome in the control group
before and after treatment. The treatment here is adopting a new admission policy.
CHAPTER 2. TRANSITION INTO HIGHER EDUCATION (ADMISSION) 47
examples of analysing the impact of modifying admission policies are illustrated
next.
Firstly, the admission test is one of the most prominent components of admission
policies in the world, so that admission in such a case depends on the applicant
passing an admission test that includes several aspects of knowledge and skills.
Despite the importance of admission test, there is a tendency for some institutions
to waive such tests by adopting the test optional policy. For example, in the test
optional policy (TOP) applicants are not required to pass a specific test in order
to be admitted into an educational institution. In the US, adopting TOP led to
improving the retention rates and increasing the number of applicants (Saboe and
Terrizzi 2019). Such a finding has been obtained by using the method of difference in
difference (DiD) on post secondary data for a period between 2009 and 2014 (Saboe
and Terrizzi 2019).
Secondly, it also comes within the policies regarding admission, the selective
admission test policy. In this policy, applicants are required to pass an admission
test. Modifying such tests affect student performance. In Italy, restricting the test
by increasing (for example) the admission cut-off point led to a decrease in the drop-
out rates (Carrieri, D’Amato, and Zotti 2015). To obtain this result, a DiD approach
has been used to measure the impact of modifying the admission policy.
These are only two implementations to study the effect of admission policy on
the educational process. What is noticed in these two studies is the use of the
DiD method to study the effects of modifying admission policies. It should also
be noted that improving the outputs of the educational process was not limited to
updating admission policies, but also included updating academic dismissal policies.
For example, applying an academic dismissal policy in the Netherlands shows an
increase in student drop-out rates in first year and increase the graduation rates
(Sneyers and De Witte 2017). This seems reasonable outcomes as those students
who faced difficulties in continuing study would leave the study early, which leads
to increase the graduation rates.
2.2.4.1 Impact of Educational Policies on Study Outcomes
Studying the impact of educational policies on the outputs of the educational
process is an important topic for policy-makers. Such effects are addressed through
studying the educational process outcomes before and after updating the policy. In
such studies, the DiD method has been used commonly, as it presents comparative
results of the impact of these policies before and after their application.
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In contrast, S. Lee (2018) use the weighted ordinary least squares rather than
DiD to find the impact of changing admission policy on spending money for shadows
education4 in South Korea. The obtained result shows that modifying the admis-
sion policy by reducing the weight of College Scholastic Ability Test (CSAT) did not
change the intention to pay for shadow education. The failure of the Korean gov-
ernment to amend the admission policy to change parental intention to the shadow
education is due to the parents’ dissatisfaction with government education and their
desire for their children to obtain high scores to compete for government seats in
higher education (S. Lee 2018).
The admission policy may have an impact on college success. To measure such
impact, a national longitudinal survey of higher education in Taiwan has been used
to do so (Hsieh 2019). Several variables have been obtained, such as average grades
of the last semester and high school grades, in addition to other variables which
were obtained by using factor analysis,5 such as a motivation variable, interactions
with agents of socialisation with peers, interactions with agents of socialisation with
faculty, and quality of student effort. These variables have been used in structural
equation modelling, and the result shows that high school grade and GSAT affect
positively on college success (Hsieh 2019). This output led to adopting a new ad-
mission policy in Taiwan, which includes changing teaching method in Taiwanese
high school.
The last issue is planning higher education admission in terms of student admis-
sion and allocation into higher education seats. Most of studies rely on institutional
scope and limited to only one year of study, so the limitation is fixed in the Saudi
context by the recent work of Ragab et al. (2016). In order to plan higher education
capacity Ragab et al. (2016) used a dataset of enrolled and graduated Saudi stu-
dents in 2015 in an improved differential evolution algorithm to solve constrained
optimisation. In Oman, simulated data of 109,200 scenarios has be adopted to in-
vestigate the importance of small details, such as class size and faculty load, in
planning academic resources (Kindi 2016). It was found that competitive scores can
be misleading and an adjustment to the current criteria in calculating the compet-
itive score was suggested. Variation in planning inputs makes academic planning
difficult, so planners need to be aware of the included inputs (Kindi 2016).
4Shadow education is use of private tutoring to obtain high score in high school.
5Factor analysis is a statistical method used to reduce the number of correlated variables.
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2.2.4.2 Effects of Modifying Admission Policies
In the context of enhancing college success, Hsieh (2019) investigated the effect of
modifying admission policy on student success in higher education, and claimed that
high school scores have a significant impact on student success. Student success can
be affected by changing the admission policy to be more restrictive when admitting
students, through including a selective admission test. The outcome of the addition
results in reducing the attrition rates among first year students (Carrieri, D’Amato,
and Zotti 2015).
The impact of modifying admission policies can also be used to detect if a certain
behaviour has changed. For example modifying admission policy did not make any
improvement on students use of shadow education, that is using private tutoring to
achieve high scores in high schools (S. Lee 2018). This confirmed the earlier finding
that changing admission policies would not succeed without considering culture fac-
tors, such as self-study, desired education levels and institution’s reputation (Boyd
1999).
When modelling admission policies another consideration that needs to be taken
into account when planning is the issue of hiring graduates. Each educational system
must be aware of the actual need of the labour market for graduates in terms of
number or in terms of skills required, which are usually linked to the qualification
obtained.
The issue of updating the admission policy remains a concern for decision-
makers, especially with volatile labour market conditions and an increase in the
number of high school graduates as a natural increase in population growth. This
increase is a challenge for decision-makers in terms of the number of students and
requirements for each course. It may happen that the number of school graduates
who meet the requirements of the program is less than the number of available op-
portunities. Can this problem be solved by reducing the requirements to admit more
students or just transferring the remaining opportunities to the next academic year?
The opposite situation is the presence of a larger number of applicants who meet
the requirements of a program. In this case, the selection is based on a weighted
average score (WAS) of each student, students with high WAS are more likely to
get into Higher Education.
Omani educational institutions (universities, colleges) and supervisory institu-
tions (Ministry of Higher Education) have continuously developed policies to ensure
that they can cope with changes in different aspects of life in terms of job opportu-
nities in the labour market and skills required in the market.
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It is worth mentioning that admission policy can be improved by predicting stu-
dent drop-outs in order to avoid the situation of looking for a job without a degree.
In Italy, Ghignoni, Croce, and d’Ambrosio (2019) found that leaving universities
without degree results in a difficulties with respect to getting a job. Gender differ-
ences have been examined widely in education and particularly higher education.
For example, in terms of finding who performs better than others, a longitudinal
study in Kenya found female engineering students perform better than their male
counterparts in studying (Madara and Namango 2016).
2.2.5 Admission Scores
The success of an educational institution is measured by its students’ ability
to complete university studies on time, (Matos-Diaz and Garcia 2014) and to get
the required qualification. Educational institutions usually set criteria for managing
student admission into their programs (Ezeala et al. 2012) to ensure that students
graduate in a reasonable time. The same applies to government bodies supervising
the education sector (for example ministries and bodies), which establish standards
governing the allocation of scholarships and public seats.
These criteria include a number of variables that may vary between institutions.
For example, some institutions require student’s performance at high school, which
is usually measured by weighted subject marks. Other institutions may require
students to enter through an interview or take a placement test (admission test). In
addition, other demographic variables such as sex, age, and place of residence may
impact on admission.
Although these criteria and calculations exist to determine the minimum grades
at high school to enter higher education (cut-off), there is no specific cut-off as it
is subject to the demand for higher education. An example of admission score used
in Australia is the ATAR, which is a number between 0.00 and 99.95 indicating
a student’s position relative to their peers, (Universities Admissions Centre 2019).
Usually, the ATAR cut-off varies according to the institution and discipline, which
can be as high as 97 for studying business in University of New South Wales or as
low as 50 for studying arts or business in either James Cook and the Sunshine Coast
universities6.
The system of widely accepted admission to higher education is the admission of
students based on their testimony in high school. Though, such a system according
6A full list of ATAR Course Entry can be found in https://universityreviews.com.au/
atar-course-entry-scores/
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to Hsieh (2019) would cause the student to be under psychological pressure. It can
be said that except for students with high scores, a student may be admitted in
disciplines, not as first choice because of their score in high school. For example
in Taiwan to overcome this problem the government has introduced a new admis-
sion policy that focuses on the student learning process rather than focusing on
the outcome of a single academic year, (Hsieh 2019). This policy also encourages
calculating the grades of the subjects of specialisation as a criterion for acceptance.
Instead of calculating the grades of all subjects, the required marks are calculated
only in the specialisation. This type of admission policy is the so-called multiple
admission policy.
The Omani Higher Education Admission Centre (HEAC) uses the multiple ad-
mission method but in a different way to Taiwan (Hsieh 2019) by summing 40%
of average grades of all subjects and 60% of the specialised subjects, such as, for
example, 60% of marks for Physics, Pure Mathematics and Chemistry for entry to
Engineering programs in Sultan Qaboos University. Although the ministry adopted
this method since the establishment of HEAC, Kindi (2016) stated that using com-
petitive scores to admit students may mislead students with high scores in non-
special subjects. Students with high scores may lose a certain seat in favour to
those who score high in specialised subjects. Kindi (2016) illustrated it clearly by
noting that losing one mark in a specialised subject, a student needs to score an
extra four marks in non-specialised subjects. To overcome this issue, Kindi (2016)
suggested that only 20% of specialised subjects be used rather than 60%. Such
suggested improvement has not been considered appropriate in Oman, with the
method currently used in admission (40% and 60%) adopted to overcome the prob-
lem of admitting students with high scores in non-specialised subjects in specialised
disciplines. Using non-specialised subjects may result in students not performing
well in their studies.
Admission scores cannot be overwhelming relied upon as an indicator of success,
(Knipe 2013). Despite the widespread use of these scores in predicting student’s
success in their undergraduate studies, higher educational institutions believe that
students may be able to develop their skills and knowledge widely in university
study regardless of the obtained admission scores, (Stemler 2012). Others disagree
finding, for example, ATAR in Australia scores were significant in predicting first
year success (Anderton 2017).
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2.2.6 Special Considerations
When establishing admission policies special consideration may be given to dif-
ferent groups. One such consideration is the issue of equal access to higher education
with respect to sex. In previous decades, higher education was not available to fe-
males in equal opportunities with males, as men were more likely to enrol in tertiary
education and to work thereafter. The United Nations has therefore promoted sex
equality at various levels, not just at the educational level 7. In 2000, the United
Nations announced eight key goals to be achieved by 2015. The third goal was the
promotion of sex equality and the empowerment of women, which, according to the
United Nations, has resulted in developing countries achieving satisfactory results
in eliminating sex disparities at different levels of education. In September 2015,
the United Nations set 17 goals for sustainable development, including Goal 5 on
sex equality and the empowerment of women. In this sense, international attention
is being given to promoting the rights of women to equal access to education at all
levels.
Another special consideration is the welfare of low-income people and social-
welfare holders. Such groups may face difficult situations when attempting to score
high grades to compete for Higher Education seats. Therefore, governments have
promoted this group by offering specially funded study programs for them.
2.2.6.1 Equity Access to Higher Education
Among the thorny issues in the education sector is the issue of equal access to
education, some may not get the opportunity to obtain education because of sex,
race, or finance level. As an example of such work on equality to access higher edu-
cation, Jia and Ericson (2017) investigated the current status of equality in accessing
higher education in China by using a mixed-methods research approach. The use of
the Gaokao policy ensure that access to higher education is in a competitive base,
so increasing the higher education seats did not solve the social class inequality (Jia
and Ericson 2017). It is worth mentioned here the Omani government allocates
annually a certain proportion of higher education seats to low-income and social
welfare students. Students from high socio-economic are more likely to enrol in top
colleges (Jia and Ericson 2017). (Jia and Ericson 2017) claimed that expanding
higher education would not solve the inequality issue, so alternatively they suggest
strategies to ensure that the admission process will offer fair and equal access to
higher education in China.
7More detail can be found in https://www.un.org/millenniumgoals/ and https://www.un.
org/sustainabledevelopment/
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2.2.7 Planning Admission into Higher Education
Admission policy has several issues regarding allocating students to HE. The
first one, is the shortage of the number of candidates who meet the requirements
of a certain study program, as a result of low scores in the related subjects (Albæk
2017). Student’s selection of easy subjects to score high grades will prevent them
from enrolling in several study programs as they have not studied the required pre-
requisite subjects. For example, those who want to enrol in scientific colleges (e.g.
Engineering and Sciences) need to choose subjects such as applied mathematics,
physics, and chemistry. If such admission is managed by modifying the programs’
entrance requirements, such modifications may result in students graduating with a
low grade, or not graduating at all. Investigation by the ABC (the Australian Broad-
casting Corporation), television program claimed that some Australian universities
ignored the English language requirement as a pre-requisite in order to admit more
international students (Worthington, O’Neill, and Selvaratnam 2019). Admission of
these students without achieving the English language standard led them to struggle
in educational attainment. According to the report (Worthington, O’Neill, and Sel-
varatnam 2019), although some academics in some universities indicated an increase
in cases of academic misconduct in some study programs, the Tertiary Education
Quality and Standards Agency, indicated that their educational systems were work-
ing well, and indicated that international students were progressing in their studies
at rate equal to local students. The English language might be a great challenge,
especially for non-native speakers, which may drive them to outsource their assess-
ments (contract cheating). Bretag et al. 2019 found that there are three significant
variables associated with tendency towards contract cheating, which are dissatisfac-
tion with teaching and learning environment, the ample opportunities for cheating
and speaking a language other than English at home. In Oman when the number
of funded seats in HE increased dramatically in 2011, the pre-requisites were modi-
fied to admit more students, included lowering the required score in English subject.
With admission prerequisites changed, questions arose as to whether there follow-up
to those admitted students with waived admission prerequisites to see if there was
an impact on their study progression and outcomes.
Planning Higher Education admission enables institutions to deal effectively
with the difficulties they face and contribute to the achievement of the objectives
of these institutions. Many educational institutions around the world have adopted
admission policies to make changes and to adapt to changes in the environment
surrounding the educational system.
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2.2.8 Variable Selection on Examining Study Outcomes
Worldwide, a number of studies have been carried out on variables related to
students’ completion of university studies, albeit to a lesser extent than those of the
first year of university. Students are exposed to many influences in their university
studies that may adversely or negatively affect their pursuit of the required quali-
fication or even leave the course of study. In this context, many studies have been
carried out, which differed in their methods, but have one goal which is to study
the variables affecting the outcomes of university education. These variables studied
in the previous literature can be divided into five groups; student achievement at
high school; students’ perception of themselves; student performance during study;
financial aspects; and, type of study.
The first set of variables, which have received extensive research both in terms
of their impact on the performance of the first year of university or on the out-
comes of university study as a whole, is student achievement at high school. In
Australia, Knipe (2013) investigated ATAR’s impact on student completion rates.
The study concluded that there is no noticeable impact of ATAR on the comple-
tion rates of students, which may open the door to investigate the effects of other
variables. Contrasting with high school grades have been found to increase the prob-
ability of completing courses with less number of tries on the national clinical final
examination tests in Sweden (Emilsson et al. 2014).
The second set of variables relates to students’ perception of themselves in terms
of their ability in a chosen discipline, as well as to their view of some variables, such
as motivation to complete study, learning environment, academic self-efficacy, insti-
tutional support, family social support, professional commitment, perception of time
management and perception of study environment quality, that may affect students
ability to complete study. These perceptions are usually measured via a question-
naire and analysed later by a suitable statistical analysis such as structure equation
modelling and logistic regression modelling. According to work on Filipino students
of Thomas (2014), student intention to complete a degree is not affected by the
classroom environment. A negative impact on obtaining a degree has been related
to perceived teaching ability for Dutch education students (Fokkens-Bruinsma and
Canrinus 2015). These results are unexpected because of the questionnaire structure
in terms of self-assessment, (Fokkens-Bruinsma and Canrinus 2015). Student may
think they have the ability to teach (according to their own assessment) but have
been unable to complete their studies to become teacher. Some students also find
that the classroom environment did not affect the decision to continue their studies,
despite the importance of the role of the environment in education. In spite of these
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results, questionnaires remain a rich source of indicators and information on student
perspectives.
The third set of variables are those related to student performance during study.
One study by Cohen and Kelly (2019) analysed student transcript data in a com-
munity college in USA. The study showed that achieving low grades in mathematics
and science did not prevent students from graduating or transferring to another
institution. However, such students may need more support to increase their suc-
cess and enrolment in mathematics and science (Cohen and Kelly 2019). Another
study suggested that students should be able to track their progress through an
interactive environment, as thestudy found these efforts raised student completion
rates (Willcox, Liguori, and Postle 2018). Several variables of student performance
(course, year of the course, sex, initial and final academic performance) in a public
university in Brazil validated the ability of these variables to predict the academic
performance of students (Bolsoni-Silva et al. 2018). The result achieved an accu-
racy prediction of more than 75%, which showed high possibilities in the use of these
variables in the future to raise the completion rates of students by providing sup-
port for students in their study. Also for the purpose of predicting student degree
completion, one longitudinal study found that student adaptability has noticeable
indirect impacts on completing a degree in a single university in UK, (Holliman,
Martin, and Collie 2018). Studies of these factors related to the study process were
characterised by being based mainly on students’ data available in the institution.
They recommended providing all necessary facilities and support for students so
that students are helped track their progression, and this would raise the rates of
graduation.
The forth set of variables relates to financial aspects of study. These consist of
two parts: subsidies and family financial situation. Subsidy reform has been found to
have insignificant impacts on completion rates (Arendt 2013). A family’s financial
situation can impact on a student’s completion of university studies, as revealed
in a study on students of the Universite‘ libre de Bruxelles, where it was found
that students who are suffering from poverty are more likely to leave study without
getting the required qualification (Ortiz and Dehon 2013). Another consequence of
being in a hard financial status, is that low-income students are more likely to attend
less desirable colleges than their higher-income peers (Shamsuddin 2016). While the
financial aspect remains an influential factor for students failing to complete their
studies it may be a catalyst for some students who seek to emerge from poverty.
The fifth type of variables are those related to the type of study in terms of
study mode and type of institution. For example, part-time students struggle to
finish their study leading to low completion rates in New Zealand (Scott 2009).
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Such difficulties to complete can be seen as a result of possible work that students
may have in addition to age impact. Part-time students tend to be older than full-
time students and hence age may have an impact (Scott 2009). When analysing the
impact of study mode on completion rates, the type of institution may impact on
these rates as well, as for example attending community colleges in USA shows a
negative impact on degree completion (Doyle 2009).
To sum up, examining the impact of various variables on study outcomes is
crucial to predict completion rates and to improve student success. However, data
on such variables may not be always available and accessible, so, it would be useful
to examine other available variables that would aid understanding student achieve-
ments in higher education.
2.2.9 Review of Omani Research
Reviewing the literature for admission to higher education in Oman in the pe-
riod between 2009 and 2019 by using three databases of published works (Scopus,
Eric, and Google Scholar) and using search terms (Oman, admission/enrolment,
higher/tertiary education, university and college) shows 32 works each with a view
to improving the Omani higher education. In order to match with chapter aims to
examine the admission to higher education, 13 articles have been selected and clas-
sified in two groups. The first group involves the work on Omani higher education
admission and progression. The second group involves the work on IT infrastructure
in Omani higher education system.
Studies varied in the first group in terms of the goal of the study and the method
used to achieve the goal. Three types of research have been conducted in this group,
(1) process of higher education (Yarahmadi 2019; Kindi 2016), (2) quality and equity
in higher education(Carroll et al. 2009; Issan 2010), (3) impacts of English language
on student progression (Prakash, Saini, and Sunil 2013; Al Hajri 2014), and (4)
leadership for sustainability (Hussain and Albarwani 2015). The first research fo-
cuses on the process of higher education. For example, after assessing the impact
of globalisation and innovation by using the triple helix model of innovation, which
addresses the relationships between academia, industry and government, Oman was
found ready to adopt entrepreneurship education, (Yarahmadi 2019). In relation to
the admission process using simulation modelling the current system of computing
the average score was considered potentially misleading in terms of student compe-
tition strength (Kindi 2016). Secondly, the research, also, touched on two important
topics in the education sector; quality assurance (Carroll et al. 2009) and sex equity
(Issan 2010). The quality system of Omani higher education has been reviewed
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through a theoretical analysis and the analysis ends with various suggestions to im-
prove the quality system in Omani higher education through adopting a strategy
involving benchmarking and a continuous consultation of stakeholders before, during
and after the development and approval of multi elements of the system. (Carroll
et al. 2009). Using the same method of theoretical analysis, the Omani women’s
lesser access to education was exposed and issues as to how to prepare them for the
future was raised (Issan 2010). The sex equity paper was prior to the 2011 changes
and at this stage the largest number of students admitted to higher education were
males. Since 2011 sex equity issue could be considered to have revised at least in
terms of HE participation (refer table 2.1). Thirdly, English language is widely used
in teaching in most (if not all) of higher education institutions in the Sultanate and
has been found to plays a significant role in student progression (Prakash, Saini, and
Sunil 2013), a finding also confirmed in the colleges of applied sciences where the
learning outcomes and assessment instruments were found through a thematic doc-
ument analysis to be dependant on student’s language skills (Al Hajri 2014). The
fourth work in this context of Omani higher education was on the leadership for
sustainability (Hussain and Albarwani 2015). In this work, leadership for sustain-
ability (LFS) is introduced and recommended to be adopted by Omani universities.
To sum up, improving Omani higher education is important to ensure that Omani
graduates are equipped with the recent knowledge and skills according to the best
practices in managing higher education.
The second group of research papers in the Omani higher education is related
to the IT infrastructure of Omani higher education. Research in this area can be
classified into four categories; big data, cloud computing, e-government and advis-
ing systems. The main method used to conduct all the research was a theoretical
analysis, which did not involve any implementation. When talking about big data,
it is a data of huge volume, which is of such complexity that it may not be possi-
ble to be analysed in the usual ways of data analysis (Anuradha et al. 2015). Big
data can be a crucial component for future work of Omani electronic government
(e-Oman) including the higher education sector (Saxena 2016). Emphasising big
data provides an opportunity to develop the Omani higher education sector (Riffai
et al. 2016). Cloud computing, as it becomes widely increases storage capacity and
can enable sharing of sources between individuals in companies, institutions and
community. Theoretically it has been suggested that cloud computing architecture
is appropriate to be adopted in the Omani higher education (Bhat, B. Singh, and
A. V. Singh 2017). Similarly, cloud computing can be a solution in managing higher
education challenges (Al Ghatrifi 2015). Thirdly, transferring to an electronic gov-
ernment became a goal for most of the worlds’ governments due to its benefits in
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enhancing governmental work. In this context, and through interviewing a number
of specialists in Omani government, there are three models that may help the suc-
cess of e-government in Oman (Al Azri, Al Salti, and Al Karaghouli 2010). These
models are the organisational model, technology model, and end-user model. IT
can be also useful in the education process through enhancing student’s progression
by having an online academic advisory system rather than the traditional way of
consulting (Elcullada-Encarnacion 2018). Using data mining techniques, it has been
suggested a system which showed considerable improvement in the advising prowess
in one private college and can be built as software.The studies summarised have one
goal, which is using IT to improve the infrastructure of e-government and enhancing
the education process.
The Omani literature shows little work on the analyses of the relationship be-
tween admission and graduation. This study attempted to determine the relation-
ship between admission and graduation by using student enrolment to higher edu-
cation data and data of the 2017 graduate survey.
2.2.9.1 Recent Works on Admission into the Omani Higher Education
A list of recent official reports on admission into the Omani Higher Education
(refer Table 2.8), are characterised by their descriptive nature of admission state-
ments with their distinct representation of these data graphically. These reports
show various indicators and statistical summaries regarding student admission into
the Omani higher education system. Two main issues (both are related to the En-
glish language subject) have been addressed in more than one report of this list
(refer table 2.8). The first one is the impact of the English language requirement
on student admission. For example, the low grades of students in the school year
2017/2018 led to a high number of vacant internal scholarships in the academic year
2018/2019. Therefore, the English language requirement was downgraded to include
students with a D 8 grade (64-50) in order to fill the vacant seats. It is also noted that
tightening the English language requirement in the admission process made students
with high grades in other subjects to be not qualified to compete for higher educa-
tion seats. Although the admission requirement were downgraded for admission of
students of the average D in the English language, there was a negative impact on
these students continuing their studies in the internal scholarship programs. This
is consistent with what Carrieri, D’Amato, and Zotti (2015) in their Italian study
found, that tightening admission procedures would reduce student drop-out rates
and vice-versa.
8The grade used in the Omani education: A (100-90), B (89-80), C (79-65), and D (64-50)
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These Omani reports indicated that more than 64% of those who withdraw
from internal scholarship programs have a D grade in the English language, and
they conclude that the English language has a considerable influence on student
drop-out. Students with low grades in the English language at high school are more
likely to withdraw from HE study. The problem was addressed, there was an impact
of the English language on student drop-out, but the solutions were not indicated.
It is necessary to investigate the impact of other factors on decisions to withdraw,
among which are, for example, the educational institution, specialisation, sex and
the institution’s distance from the student’s place of home. Although these reports
do not indicate any solutions in this regard, it is important to conduct follow-up
studies for students who have been admitted after reducing the language requirement
in order to identify the impact of the weaker English language rate on the course of
their studies.
However, there is a need for more in-depth studies in order to identify factors
that may affect the success of higher education students, for example, the admission
requirements in each program. Where such requirements and other factors such as
sex and age may have an impact on the completion of the study, whether graduation
or even withdrawal.
Table (2.8) The Recent Work of Omani Higher Education Admission Centre
Official Reports (in Arabic) Academic Year(s)
A bulletin on admission indicators of the Higher Education Ad-
mission Centre
2019/2020
Indicators of student admission into Higher Education 2018/2019
*The effect of English language score on student admission into
the higher education
2018/2019
Dropout of students of the internal scholarship program enrolled
in private higher education institutions for the last three aca-
demic years
2015-2018
Current students at private higher education institutions study-
ing at their own expense
2015/2016
*Indicators of student dropouts in the Colleges of Applied Sci-
ences and private higher education institutions
2015/2016
*Comparison of indicators of student admission to higher educa-
tion in the Sultanate with groups of countries in the world
2015/2016
Summary of Higher Education Statistics 2015/2016
A bulletin on the indicators of employees studying in higher ed-
ucation institutions
2014-2016
Enrolment rates in higher education for five academic years. 2010-2016
(*) These variables might be included in the analysis, but such access of data is not granted.
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Omani Higher Education planners wish to increase graduation rates and min-
imise student drop-out rates. This study aims to determine the effect of admission
criteria used by decision makers on graduate achievement. For example, examin-
ing whether students with higher competitive grades in high school perform better
than students with a lower competitive scores. Further, it is important to take into
account the results of changing admissions policies such as modifying admission
requirement or changing student allocations in terms of study program and insti-
tution. Except for the listed reports on admission into the higher education (refer
2.8) which examined student admission indicators (such as drop-out and enrolment
rates), the data is not well-prepared to analyse the progress of students in higher
education. Such progression involves student performance until leaving the system
by either graduation or drop-out.
2.3 Statement of the Problem
People are questioning the provision of scholarships to disciplines that have
surplus graduates who have not found a job, as the admission process is supposed
to be linked to two main factors, graduation rate, and employment.
Admission to university education is usually associated with student achieve-
ment in school education. A student with a higher grade ranks higher in competitive
admission than their peers, and since there are usually less seats than the number
of applicants, there is strong competition among students applying for the offered
seats. According to this system, the higher ranked students are able to join the
programs they want, while those with lower ranks might be admitted into a dis-
cipline other than the desired one, due to the competition base of the admission.
Such admission may result in students dropping out of study or graduating with
low grades, which would create another problem for employment, as most employers
seek graduates with good grades rather than average grades over all subjects. For
example, GPA has been found to have a positive impact on finding a psychology-
based job (Sulastri, Handoko, and Janssens 2015). Further, the probability of being
employed in high-paying foreign companies is higher for those graduates who obtain
higher GPAs (T. Li and J. Zhang 2010). Therefore, GPA has a primary role in the
decision to employ graduates (Imose and Barber 2015).
Policy-makers need to be aware of the potential consequences of changes made
to admission policies, particularly in terms of lowering admission scores as it may
result in long study periods, high drop-out rates and graduate with low GPAs.
They should also consider school graduate characteristics and labour market de-
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mand for graduates simultaneously to ensure the best change is made to admission
policies.
2.4 Research Objectives
The purpose of the study is to explore the admission process and policy in the
Omani Higher Education system by investigating the possible relationships between
admission variables such as sex, school weighted average score and student com-
petitive rate and graduation variables such as discipline, GPA, type of qualification
and institution. Decision makers would have access to these admission data when
determining higher education seats. Thereafter, the study will present a policy
recommendation on admitting students. Specifically, the analyses seek:
1. To determine the relationship between student Weighted Average Score (WAS)
and the Graduation Academic Assessment (GPA).
2. To find out whether GPA is different between male and female students.
3. To identify whether students in different disciplines score different GPA.
4. To investigate the relationship between WAS and graduate employment.
5. To develop a model to guide admission policy in Higher Education.
2.5 Study Significance
Despite the high interest in admission into the Omani higher education, there
is a lack of studies on the subject of transition of graduates of school education
to higher education. The following literature review examines studies post 2008
related to the higher education sector in Oman. The following search terms have
been used to look for recent works in Oman. These terms are ‘school’, ‘higher
education’, ‘college’ and ‘university’ in all searching fields and ‘Oman’ in the title
field to limit the searching outcomes on only Omani context. The terms have been
used in two search databases, ‘Scopus’ and ‘ERIC’. According to these searching
criteria there were 36 articles obtained by Scopus and 98 articles obtained by ERIC.
None of these articles analysied student transitions from school education to the
higher education.
Only one paper (Kindi 2016) addresses the subject of admission to higher educa-
tion. The remaining studies address student progression (Prakash, Saini, and Sunil
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2013; Al Hajri 2014), sex equity prior to 2011 changes (Issan 2010), and improving
higher education (Yarahmadi 2019; Carroll et al. 2009).
Two further issues of interest relate to the IT structure in the Omani higher
education system. The first one is the use of the big data in the Omani education
system (Saxena 2016; Riffai et al. 2016). It has been suggested that big data can
be used to improve student retention by analysing individual student records to
find at-risk students so they can get intervention and support at an early stage
(Riffai et al. 2016). Such work using big data to aid student retention can be
enhanced by involving an academic advisory system, which has been shown to work
in one private institution and is ready to be used in other institutions (Elcullada-
Encarnacion 2018) The second issue associated with big data is cloud computing,
which gives the opportunity to access data stored in servers regardless of the access
point location. Analysing the IT infrastructure of Oman finds that the Omani
higher education system is ready to adopt such technology in order to manage
higher education challenges in terms of managing higher education activities such
as student admission and tracking their progression through the higher education
system (Al Ghatrifi 2015; Bhat, B. Singh, and A. V. Singh 2017).
All these issues of big data, online student academic advisory system, and cloud
computing are an integral part of the Omani government’s quest to convert to an
e-government, among which is the higher education sector. They are important in
the Omani higher education system in terms of efficient use of the data available for
analysis and helping students to perform better in their studies. These theoretical
works show promising opportunities to use the most recent technologies in data usage
to improve higher education, and they suggest that the Omani higher education
system is ready to adopt these technologies. These papers are theoretical in nature
rather than practical, so it would be of interest to apply such methods on big data
in the Omani context.
This chapter is significant since, as far as the author know, there is no such
study has been conducted to analyse school graduate transition to higher education
in Oman. The study is, also, significant in combining graduate survey data with
admission data to enhance the usefulness of the graduate survey, as most graduate
surveys, if not all, have not been linked to other sources of data.
2.6 Method
The choice of analysis method in such higher education studies is usually subject
to the type of data available in the target context, (Verhoeven and Koster 2017). For
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example when individual student records are available it is possible to to use direct
statistical techniques without any complexity conducting such analyses. When these
records are not available the methods to analyse student data are limited to methods
that can examine the aggregate structure of data.
In Oman, a follow-up of individual students in the higher education system
by using the data of Higher Education Statistical System is not available as the
obtained data are in an aggregated format. Hence, conducting an analysis to predict
student success involves combining data sources, in this case student admission data
(obtained from HEAC) and graduation data (obtained from the 2017 Graduate
Survey). The first source has the admission variables and the other source has the
graduation variables.
Several methods have been used to investigate the impact of admission variables
on study success in higher education. Study success as been reviewed in the liter-
ature can be graduation or study completion (Knipe 2013; Matos-Diaz and Garcia
2014; Zimmermann, Davier, and Heinimann 2017; Albæk 2017). There has been a
considerable amount of research to examine the effect of admission variables on first
year achievement (Comer, Brogt, and Sampson 2011; Ezeala et al. 2012; Anderton
2017; Verhoeven and Koster 2017). There are various studies in a similar context of
study success which focus mainly on analysing College Admission Policy in relation
to certain aims. For example the impact of possible changes on admission policy to
students’ intention to use private tutoring (S. Lee 2018). Secondly, examining issues
in higher education equity and accessibility of higher education, (Jia and Ericson
2017). Another use of admission policy is to study the impact on of changing the
policy in terms of student allocation and planning admission capacity, (Ragab et al.
2016; Kindi 2016).
Methods used to analyse data in the higher education sector includes descrip-
tive statistics, difference in difference approaches, and regression modelling ap-
proaches.
2.6.1 Descriptive Statistics
Descriptive statistics are the start point of conducting any statistical analysis, as
they summarise the included variables and observations in the analysis. Such statis-
tics predominantly measure two aspects of data namely, central tendency (Mean,
Median and Mode) and dispersion (Variance, Standard Deviation and Percentile).
It is also possible to add the measure of dependency between two or more vari-
ables, such as the Correlation, which gives an indication of the relationship strength
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between these variables.
In this context, a number of researchers have drawn results by using descrip-
tive statistics only. In the Kingdom of Saudi Arabia (KSA), descriptive statistics
were used to determine that females performed better than males in GPA in their
mathematics courses in the preparatory year (Khoshaim 2017). However, such a
conclusion might be valid only for the preparatory year as it can be seen as a path
to the actual university study, maybe including further years of study will give more
signs, as has been undertaken with correlation analysis used to to predict the aca-
demic success in sequential years of study from Fijian high school subject marks (the
Form79) (Ezeala et al. 2012). They found that the correlation between the Form7
and aggregate score in each year declined as time passed. In Australia, percentages
were used to show that ATAR has not had a significant effect on completion rates
(Knipe 2013). However, in the same context of Australia, it was found that ATAR
and sex are significant factors on academic performance (Anderton 2017). Variation
in results can be related to three main reasons, data availability, the target popula-
tion and the method used. This type of analysis is simple to obtain and interpret
although the statistical significance of any difference is due to chance variation is
not determined. It is therefore important to have descriptive statistics of the data
used (if any)in the study.
2.6.2 Difference-in-difference Approach (DiD)
The DiD approach is defined as the difference in average outcome in the treat-
ment group before and after the treatment minus the difference in average outcome
in the control group before and after treatment, (Wooldridge 2012). The method has
been used mainly on admission policy as it determines the difference if it exists, be-
fore and after applying a certain change on a particular policy. For example in Italy,
the method was used to examine the effect of applying a new selective admission
test in the University of Salerno (Carrieri, D’Amato, and Zotti 2015). The results
indicated that the drop-out rate of first year students declined when restricting the
admission policy. Similarly in the Netherlands, the method was used to examine the
effect of introducing an Academic Dismissal Policy, with results showing that the
drop-out rate decreased in line with graduation increasing following the introduc-
tion of the policy (Sneyers and De Witte 2017). A similar work, but with a different
policy in USA, used the DiD approach to investigate the impact of Test Optional
Policies on retention and graduate rates, and found same evidence that the policies
improved the retention rates (Saboe and Terrizzi 2019).
9Scores in four or five subjects in Fijian Education System.
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The DiD method is useful in studying the effects of applying new admission
policies, however, alternative approaches such as a weighted ordinary least square
regression have been used to examine the possible effect of modifying admission
policy (S. Lee 2018). The thesis aims to analyse the effect of admission variables on
graduation grades. However, as the study involved available observed data rather
than data involving control or treatment groups, the DiD method does not fit the
proposed study. This method may be suggested after presenting the study recom-
mendations in the conclusion chapter, as the method allows stronger conclusions
regarding causality to be drawn.
2.6.3 Regression Modelling Approaches
Regression modelling has been used widely to analyse the relationship between
one variable (response which is typically continuous) and one or more predictor vari-
ables. In the context of studying the impact of admission variables on graduation
outcomes, several researchers used different types of regression analysis. The main
use of regression modelling has been to examine impacts on graduation year. Re-
gression modelling has also been used to analyse the impact in the first year of study
in Netherlands (Verhoeven and Koster 2017).
Ordinary Least Squares (OLS) regression has been used to investigate the change
in admission policy in Puerto Rico (USA), (Matos-Diaz and Garcia 2014). They
found that differences between private, and public school students were removed
following a change in admission policy which eliminated the advantage of students
and reduced the minimum advantage that males had more than females and the sex
difference was minimised. OLS was used, also, in the first year study of success in
the Netherlands with an analysis of the relationship between secondary (high) school
grades of science subjects and HE study success (Verhoeven and Koster 2017). The
main finding was that an increase in science capability factor (SCF) leads to an
increase in the probability of passing binding study advice (BSA) in year 1. This
study to some extent is similar to the thesis study in term of investigating the impact
of high school grades (eg. SCF) in this case the competitive average grade in Oman
Higher Education Admission on HE completion and achievement (GPA).
Another regression modelling approach is logistic regression, which is used when
the outcome variable is one of two outcomes or known as multinomial logistic re-
gression when there are more than two outcomes of the response variable. This has
been used to examine the contribution of demographic variables to the first year
GPA in Australia by classifying the GPA into four different levels (Anderton 2017).
Gender and ATAR were found to have a statistically significant impact on student
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academic performance (Anderton 2017) contrasting with finding a non-significant
impact of ATAR on completion rates (Knipe 2013).
Linear regression has been used in-a-leave-out cross validation to improve the
admission decision making process resulting in the design of 4-phase admission pro-
cess (screening, scoping, selection and evaluation) (Zimmermann, Davier, and Hein-
imann 2017). This study can be linked to the study in this thesis in terms of the
suggested 4-phase admission process, as at a certain stage the admission system in
Oman should be improved on a regular basis by providing policy-makers with the
evaluation of students and graduate indicators. Such indicators can be seen as study
success in years of study, graduation, retention rates and graduate grades.
Sometimes due to data structure and graduate responses, the data does not fit
well with the modelling methodology. For example, the case of having an extreme
unequal sample sizes. Having such a situation significantly affects in explaining the
variation in these groups.
2.6.3.1 Analysis the Mean Difference between Student Groups
In the context of study success in higher education, demographic characteristics
of admitted students are examined. Two main attributes are investigated, sex and
discipline. Gender differences are among the topics addressed by many researchers in
the context of student success in higher education. For example, sex is a significant
predictor of academic performance in first year (Anderton 2017; Verhoeven and
Koster 2017). The other issue is the difference between students in terms of admitted
disciplines, as it has been well known that some disciplines such as medicine and
engineering require high admission scores. Hence, it would be useful to examine the
difference between student groups in different study programs.
Knowing if there are differences between groups would help policy makers and
curricula to manage and allocate students in a proper way10. For example, through
changing the minimum requirements if it does not affect academic performance
and restricting the admission policy in the case of high drop-out rates, (Carrieri,
D’Amato, and Zotti 2015).
10As a future work, analysing student’s performance for those who have been admitting after
lowering the requirement.
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2.6.3.2 Analysing the Mean Difference between Unequal Size Student
Groups
It is unusual to have equal sizes of student groups in either sex or discipline.
Differences exist and can be as small as less than three or four, or can be as large
as double or more between groups.
There is no known way to determine whether or not unequal sample sizes cause
a problem of heterogeneity of variance 11 (Keppel 1991). In the case of two way
ANOVA, the presence of different sample sizes could influence the outcome of the
analyses. For example, in the case of two independent variables, such as sex (male
and female) and discipline (engineering, IT, ...etc) it may happen that the number
of females is more than double the males, and at the same time there is larger
percentage of females in management and commerce (for example) than males (refer
table 2.11). In this case, according to Grace-Martin (2018), it is not possible to
differentiate the sex and the discipline effects. In order two deal with the problem
of unbalanced data (where group sample sizes are unequal), two approaches have
been addressed (Keppel 1991). The first approach is to use the method of weighted
means rather than typical ANOVA (grand mean). In this approach, ‘the weight of
each mean is in proportion to its sample size’ (Keppel 1991). The other approach is
the method of un-weighted means, where each sample size is replaced by an average
sample size (Keppel 1991). However, in the case of two-factor with unequal sample
sizes it is suggested that the un-weighted method be used as it fits properly the
unbalanced data (Keppel 1991).
Also among the data issues, is the issue of imbalanced data due to many reasons
such as system failure, survey responses and type of data collected. The author spent
much time to solve the appearance of this issue in the analysis due to combining two
datasets for the sake of this chapter, admission data and graduate survey data. The
use of the appropriate method of using unweighed means to analyse the variance of
unbalanced data (Keppel 1991) was complicated due the fact the some calculation
is completed by hand. Nowadays it becomes feasible, conducting such analysis
of variance (ANOVA) becomes much easier as such selection of the right formula
is done automatically by the used statistical package (Grace-Martin 2018; Shaw
and Mitchell-Olds 1993). In the Omani context, it would be good to have a pre-
dataset for target graduates in the coming graduate survey. Such a dataset should
have all available data of each graduate in terms of admission data and progression
data, which can be used thereafter to see the influence of these data on graduate
employment.
11Violating the homogeneity of variance assumption.
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Investigating mean differences between two groups is conducted by t-test and
analysis of variance (ANOVA) method with either post-hoc or prior comparisons in
case of more than two groups. ANOVA is typically used with balanced data (number
of subjects in each cell are equal) which produces a clear and direct interpretation
(Shaw and Mitchell-Olds 1993). However, it might not be always the case due to
many reasons such as accidents, or missing and incomplete data. Therefore, the
data becomes unbalanced data, which requires further attention as such analysis
show some difficulties in calculating the sum of squares for the main effects for one
factor, (Hoaglin, Mosteller, and Tukey 2009). In spite of the considerable work on
using ANOVA on unbalanced data, it has been noticed that the work focuses on the
case of small number difference in each cell, (Klasson 2019; Shaw and Mitchell-Olds
1993). The later authors found that unbalanced data can be fixed by either way
of removing data points or filling the missing values, and they recommended to use
Type III method in such analysis.
The use of ANOVA has continued with unbalanced data to look for differences
between group means, though the types of ANOVA analyses differed in terms of the
method used to calculate the some square errors (SS) and in terms of the factors
involved in the analysis. The typical type of ANOVA is based on grand means,
whereas other types are based on weighted means and un-weighted means (explained
above). A number of researchers have used One-Way ANOVA, including only one
grouping factor to compare the average performance in three years of study (Wally-
Dima and Mbekomize 2013). Two-way ANOVA has been used to determine the
effect of college and sex on the use of academic counselling service in the college
(Thawabieh and Al Roud 2011). It was also used to find the differences between
classes and department in the level of academic motivation (Keskin and Korkutata
2018). Further development of ANOVA allows a continuous variable in addition to
the grouping factors in the analysis of variance, which is so-called ANCOVA (Amro,
Mundy, and Kupczynski 2015). They used this method to find the impact of two
teaching methods on student grades of a college algebra course.
To sum up, all of these methods have been used in certain circumstances, de-
pending on the aims, available data and country context. After reviewing the liter-
ature, it became clear that ANOVA could be used on the data of the Sultanate of
Oman to examine the impact of Weighted Average Score (WAS) on graduate grade
(GPA) among Omani students in bachelor degree programs, although it needed to
be used in accord with the imbalance in the data. Other covariates could be included
in the analysis in addition to sex and discipline variables.
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2.6.4 The Data
Data selected for this chapter is a conjunction of two data sources linked by using
student encoded number for confidentiality purpose. The first source is the data of
admission students in three academic years (2011/2012, 2012/2013 and 2013/2014)
over all students in Omani HE institutions. Selection of these years is due to their
availability and accessibility by the author, and to the expectation that students
would have graduated and found jobs 3-7 years after commencing their degrees. The
other source is the 2017 graduate survey (GS17). The selection of GS17 survey rather
than the 2015 survey, is because a considerable number of graduates who had been
admitted in the years 2011-2014 are expected to be surveyed in the targeted years
of graduation in GS17. The data is selected for the research purpose to investigate
the impact of students Weighted Average Score (WAS) on student completion rate
(graduation and GPA) (refer table 2.9).
Several steps have been conducted in order to clean the data thereby removing
errors and make it appropriate for the analysis. The first step was determining the
target population of the data after combing the two data sets. The target population
was Omani students who participated in the GS17 and had been admitted via the
Omani Higher Education Admission Centre (HEAC). The variables included in the
analysis were weighted average score, grade point average, sex and discipline of
admission.
Table (2.9) Continuous Variables Included in Analysing the Impact on Study
Success
Variables Description N Min. Max. Mean Std.Dev
WAS Weighted Average Score 3003 55 98 79.55 9.12
GPA Cumulative Graduation GPA 2618 1.45 4 2.89 0.45
The data in table (2.10) illustrates the number of admitted students in a se-
quence of years who graduated in the target years of GS17. More than 80% of
students were admitted in the year of 2011 and graduated in the academic years of
2014/2015 and 2015/2016. There were, also, about 16% of the participated students
who were enrolled in the year 2012 and graduated after 4 years in most cases. The
data make sense, as a student in a bachelor degree needs between 3 and 5 years to
graduate, and bearing in mind some students may spend more time in a preparation
(foundation) year than others.
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Table (2.10) Participating Students by Enrolment and Graduation Year
Enrolment\Graduation 2013/2014 2014/2015 2015/2016 Total Total%
2009 0 1 1 2 0.07
2010 0 0 5 5 0.17
2011 6 198 2231 2435 81.09
2012 1 23 456 480 15.98
2013 0 1 42 43 1.43
2014 0 0 29 29 0.97
2015 0 0 9 9 0.30
Total 7 223 2773 3003 100
To facilitate analysis of the data, disciplines with less than 15 males were com-
bined together in a new category named ‘Other’ as been indicated (refer table 2.11).
The ‘other’ category included the disciplines of ‘creative arts’,‘health’,‘natural and
physical sciences’,‘architecture and construction’ and ‘agriculture, environment and
related sciences’. The author tried another approach of combining small size disci-
plines together by combining disciplines with < 5% of to students together, but the
preliminary analysis did not show satisfactory results due to the small number of
males in some disciplines which have > 5% of total students such as ‘creative arts’
and ‘natural and physical sciences’. It can be seen from these tables that females
students are the majority (87%) of included students in the analysis. This is due
to participation in the graduate survey GS17 not due to Higher Education seat al-
location. The number of male participated in the survey reached 9038 graduates,
representing 35% of the 25682 targeted male graduates. While the number of tar-
geted female graduates was 35582, and 160,939 of them responded, representing 45%
of the targeted female graduates. In terms of the admission, the ratio between males
to females is approximately 2 to 3 after 2011 (the year of increasing the capacity of
the Omani Higher Education) and 3 to 2 before the year of change (refer table 2.1).
These gives an indication that, the number of females exceed the number of males
in admission, graduation and participation in the graduate survey.
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Table (2.11) Number of Graduates by Discipline(reduced) and Gender
Discipline/Gender Male Female Total Total%
Information Technology 17 442 459 15.3
Engineering and related technology 173 431 604 20.1
Education 19 66 85 2.8
Management and Commerce 65 620 685 22.8
Culture and Society 28 326 354 11.8
Religion and Philosophy 44 61 105 3.5
Other 33 678 711 23.7
Creative Art 13 340 353 11.8
Health 10 53 63 2.1
Natural and Physical Sciences 8 236 244 8.1
Architecture and Construction 2 26 28 0.9
Agriculture, Environment and Related Sciences 0 23 23 0.8
Total 379 2624 3003 100.0
2.6.5 The Analysis
In order to answer the research question of these chapter, various analysis have
been conducted. Firstly, descriptive statistics are the first step in such analysis as
these give a short introduction to the data used in the analysis. Following that
by comparing the means of GPA and WAS between sex in each discipline which
involves statistical tests. The third one is analysing the impact of WAS on GPA by
conducting a regression modelling. Analysing the variance in GPA have been exam-
ined in several ways in the analysis. Then, as it will be seen through the analysis,
violation of ANOVA assumptions led to the use of non-parametric analysis.
2.6.5.1 Descriptive Statistics
The obtained results are based on the 3003 respondents (refer table 2.11). It
can be seen that female students were admitted into higher education with higher
WAS and graduated with higher GPA than male counterparts in all disciplines (refer
tables 2.2 and 2.3). However, the differences in means do not seem to be large, so
it needs to be examined through statistical tests.
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Figure (2.2) Mean of WAS by discipline and sex
Figure (2.3) Mean of GPA by discipline and sex
2.6.5.2 Comparison of Means
In order to examine the significance of these differences between males and
females in each discipline, a two-sample t-test (for independent samples) is used.
This type of test is used to compare the means of two independent groups assuming
that both samples are random. Two-sample t-tests: Compare the means of two
groups under the assumption that both samples are random, independent and are
normally distributed in addition to have equal variances for sex in each discipline.
In order to conduct the test, it is important first to examine the normality and
variance assumptions. To do so, the normality assumption has been tested by using
Shapiro-Wilk tests, where H0: the variable is normally distributed. Assumption
of normality distribution requires that variable under investigation to be normally
distributed within groups (males and females). At a significant level α = 0.05,
GPA was normally distributed at only two disciplines, ‘education’ and ‘religion and
philosophy’ (refer table 2.12). At the same level of significance none of the disciplines
in each sex accept the null hypothesis of normal distribution. However where sample
sizes are large means can be assumed to be normally distributed and z-test can be
used. Information technology with a male sample of size 17 is not considerable
large.
CHAPTER 2. TRANSITION INTO HIGHER EDUCATION (ADMISSION) 73
Table (2.12) Shapiro-Wilk Tests of Normality for GPA and WAS
Discipline Variable Gender Statistic df Sig.
Information Technology GPA Male 0.889 15 0.065
Female 0.989 361 0.009 **
WAS Male 0.931 17 0.222
Female 0.983 442 < 0.001 **
Engineering and related technology GPA Male 0.98 165 0.016 *
Female 0.984 384 < 0.001 **
WAS Male 0.959 173 < 0.001 **
Female 0.945 431 < 0.001 **
Education GPA Male 0.894 16 0.064
Female 0.98 62 0.398
WAS Male 0.842 19 0.005 **
Female 0.708 66 < 0.001 **
Management and Commerce GPA Male 0.986 55 0.746
Female 0.987 498 < 0.001 **
WAS Male 0.979 65 0.33
Female 0.938 620 < 0.001 **
Culture and Society GPA Male 0.854 24 0.003 **
Female 0.988 301 0.016 *
WAS Male 0.785 28 < 0.001 **
Female 0.808 326 < 0.001 **
Religion and Philosophy GPA Male 0.98 44 0.627
Female 0.987 59 0.788
WAS Male 0.977 44 0.507
Female 0.831 61 < 0.001 **
Other GPA Male 0.952 31 0.173
Female 0.993 603 0.01 *
WAS Male 0.931 33 0.037 *
Female 0.965 678 < 0.001 **
N = 3003
(*) significant at α=0.05. (**) significant at α=0.01.
Due to the violation of normality assumption, a non-parametric test is used
instead of t− test to test difference between males and females. Regarding the test
of equal variance of two samples, the F -test requires both samples come from normal
population. As the sample sizes are more than 30 except three male disciplines, the
central limit theorem can be used to justify the normality of estimates in the other
disciplines. In a case of unequal sample sizes, the Welch two sample t-test is used.
However, as the Welch test requires a normal distribution of the investigated variable
across the groups, the test can not be used here. Hence, a non-parametric test of
Mann-Whitney U (MWU) is used instead of the Welch test.
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In MWU test, the null hypothesis is that the distribution of WAS (GPA) is
the same across categories of sex (male and female) in each discipline. Looking at
the output of the test on WAS (refer table 2.13) and GPA (refer table 2.14). At
a significance level of α=0.05, which will reject the null hypothesis of both groups
came from the same population if it has a p-value less than α. Testing WAS between
sexes in each discipline shows that only two disciplines have similar distribution for
males and females. They are ‘engineering and related technology’ and ‘management
and commerce’ (refer table 2.13). While for GPA all disciplines except ‘information
technology’ have a different distribution of GPA across sex (refer table 2.14). So,
the difference is exist between males and females in almost all disciplines and con-
cluding that males have different distribution than female mean in both WAS and
GPA.
Table (2.13) Mann-Whitney U test for unpaired independent sample mean of
WAS
Discipline/Gender Mean p-value Distribution of WAS across sex
Information Technology 0.007** is not the same.
Engineering and related technology 0.827 is the same
Education < 0.001** is not the same.
Management and Commerce 0.579 is the same
Culture and Society 0.007** is not the same.
Religion and Philosophy < 0.001** is not the same.
Other < 0.001** is not the same.
Table (2.14) Mann-Whitney U test for unpaired independent sample mean of
GPA
Discipline/Gender Mean p-value Distribution of GPA across sex
Information Technology 0.454 is the same
Engineering and related technology 0.007** is not the same
Education 0.001** is not the same
Management and Commerce 0.012* is not the same
Culture and Society 0.001** is not the same
Religion and Philosophy 0.019* is not the same
Other < 0.001** is not the same
Regarding the normality assumption, the central limit theorem is adopted in
such cases of large sample sizes usually more than 30 observations. Such sample size
is met in the number of females in all disciplines, but number of males is less than 30
in three disciplines information technology, education and culture and society (refer
table 2.11).
Testing the mean difference between males and females requires first identifying
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the hypothesis. Where µm denotes the male mean and µf denotes the female mean,
the hypothesis for each of WAS and GPA are:
• H0 : µm = µf True difference in means is equal to 0.
• Hα : µm 6= µf True difference in means is not equal to 0.
The t-test outcomes indicate that at a significance level of α=0.05, with p-value
< α then Hα the alternative hypotheses is accepted concluding that a difference is
present, otherwise the H0 is not rejected and there is no difference exist between the
two means (in each of WAS and GPA).
The Welch two sample t-test been have tried but because of the violation of
normality assumption its results should be treated with caution. In WAS, three dis-
ciplines show significant differences in means between males and females, education,
religion and philosophy and other (refer figure 2.15). Whereas information tech-
nology, engineering and related technology, management and commerce and culture
and society did not show significant difference in mean WAS. It is clear that the
differences in WAS between sexes exist in more than half of the disciplines12, and
that the presence of a difference in the WAS mean in a discipline does not neces-
sarily mean that there is a difference in GPA mean of the same discipline. Where
it can be seen that significant differences in GPA between males and females occurs
in all disciplines except information technology (refer table 2.16). Notice that in
both WAS and GPA the difference in means between males and females is negligible
in information technology. This outcome suggest a further analysis to investigate
the effect of sex, discipline, and WAS on the GPA, which will take a place in the
following section.
Table (2.15) Welch Two Sample t-test for Gender Means of WAS by Discipline
Disipline/Gender Female Male t-test df p-value Sig.
Information Technology 75.232 71.035 1.990 16.657 0.063
Engineering and related technology 77.759 77.150 0.667 301.050 0.505
Education 89.888 80.347 5.500 34.071 < 0.001 **
Management and Commerce 77.559 76.676 0.846 80.951 0.400
Culture and Society 84.501 82.854 1.369 39.859 0.179
Religion and Philosophy 88.444 82.019 5.665 66.797 < 0.001 **
Other 82.092 75.665 4.417 35.075 < 0.001 **
N = 3003
(*) significant at α=0.05. (**) significant at α=0.01.
12Other discipline have five disciplines.
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Table (2.16) Welch Two Sample t-test for Gender Means of GPA by Discipline
Disipline/Gender Female Male t-test df p-value Sig.
Information Technology 2.787 2.716 0.590 15.002 0.564
Engineering and related technology 2.970 2.845 2.580 297.480 0.010 *
Education 2.996 2.649 3.663 24.525 0.001 **
Management and Commerce 2.910 2.730 2.712 65.832 0.009 **
Culture and Society 2.920 2.657 3.126 27.272 0.004 **
Religion and Philosophy 3.274 3.075 2.505 76.740 0.014 *
Other 2.867 2.513 4.280 32.386 < 0.001 **
N = 3003
(*) significant at α=0.05. (**) significant at α=0.01.
2.6.5.3 The Regression Analysis
In determining the strength of the relationship between WAS and GPA, the
first objective of the study, various methods have been used. For example fitting
a regression model to investigate the linear relationship between WAS and GPA.
In similar work of using school study outcome and university study outcome, this
relationship was illustrated using the percentage of those who completed their study
and those who left university in accordance with ATAR (Knipe 2013). The ATAR
scores were classified into two groups (≤ 69 and ≥ 70) and these two groups were
compared thereafter with course status 13 (Knipe 2013). However, such variables
of course status (leaving or completing) are not available in the GS17 survey as it
focuses only on graduated students.
The Hypothesis
The first research question is to examine the relationship between WAS and
GPA by conducting a simple linear regression. The model involves WAS as the
independent variable and GPA as the dependent variable. Then a sequence of diag-
nostic tests are used to assess the model obtained in the analysis.
GPA = β0 + β1WAS + error
• H0: β1 = 0.
• Hα: β1 6= 0.
The second question investigates the impact of sex on discipline achievement,
which is managed by examining the interaction term of Gender and Discipline.
• H0: Removed interaction term is not different from 0.
13Course status: ‘Completed Course’, ‘Completed Another Course’, ‘Still Studying Course’,
‘Studying Another Course’, or ‘Left University’.
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• Hα: Removed interaction term is different from 0.
If the interaction term is not statistically significant then it is possible to examine
the following two hypothesis. If the interaction term is significant then it is necessary
to either explore each sex separately or each discipline separately as the interaction
may mask differences.
The third research questions is to examine the difference between male and
female students in achieved GPA, the hypothesis tested are:
• H0: The GPA means are equal in both sexs.
• Hα: The GPA means are not equal in both sexs.
The fourth question is to find if the difference is exist between graduates of different
disciplines.
• H0: There is no difference in the GPA means of Disciplines.
• Hα: At least two disciplines have different GPA means.
Studying the relationship between GPA and WAS is important to find out the
impact (if any) of students achievement at high school on their achievements at
higher education. Such analysis may find out whether students with high WAS
would achieve high GPA. Having this kind of information would help policy-makers
in higher education to enhance student admission to higher education. For example,
assuming that there is a linear relationship between WAS and GPA, and it was then
detected that students admitted with low WAS would graduate with low GPA. Such
a result may affect negatively on graduate employment and time till employment,
so policy makers may decide to have a cut-off on WAS rather than keep the ad-
mission up to the number of available seats in higher education. The next step is
to investigate the relationship between GPA and WAS by fitting a linear regression
modelling.
Examining the relationship between GPA and WAS
The examination is done through R−Studio software and its attached packages,
which will be indicated through their use. Plotting the GPA against WAS does not
show any sign of potential trend (refer figure 2.4). There is a high number of
students who obtained WAS between 85 and 95, which gives a good sign of student
competition to get a seat in higher education. There are a few male students who
have had a low WAS (less than 65) and achieved a low GPA (less than 2.5). Is
there any relationship exist between WAS and GPA? The correlation between these
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variables is small and does not exceed 0.19 (p ¡0.001). In spite of its low degree, it
shows a positive sign, which may indicate a linear relationship between these two
variables, and is statistically significant. A further investigation is done through
building a simple linear regression.
Figure (2.4) Plotting WAS versus GPA
Figure (2.5) Plotting WAS versus GPA with a fitted line
The fitted model is GPA = β0 + β1WAS + ε, where GPA is the dependent
variable and WAS is the independent variable. Three assumptions will be examined
through the analysis to answer the research question regarding the impact of WAS
on GPA. Did student performance in high school show a relationship to university
grade?
These assumptions are:
(1) Linear relationship Assuming there is a linear relationship between these two
variables.
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(2) Homoscedasticity Assuming that error term is similar across all values of the
independent variable.
(3) Normality Assuming that the errors are normally distributed.
The output obtained from fitting the regression modelling (refer table 2.17) the
prediction equation is: ˆGPA = 2.14 + 0.01WAS
So if WAS was 70, the expected GPA would be 2.84, whereas if WAS was 90 the ex-
pected GPA would be 3.04. However, the R-squared has a low value of 0.034, which
indicates that the model explains only 3.4% of the variance in GPA scores.
Table (2.17) Fitting a model of GPA on WAS
> summary(model01<- lm(GPA˜WAS))
Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 2.1447855 0.0776687 27.615 <2e-16 ***
WAS 0.0092325 0.0009581 9.637 <2e-16 ***
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.4427 on 2616 degrees of freedom
Multiple R-squared: 0.03428,Adjusted R-squared: 0.03391
F-statistic: 92.86 on 1 and 2616 DF, p-value: < 2.2e-16
Looking at the anova table (2.18) shows that the regression is statistically sig-
nificant as the p-value is much smaller than 0.05.
Table (2.18) Anova table of the model of GPA on WAS
> anova(model01)
Analysis of Variance Table
Response: GPA
Df Sum Sq Mean Sq F value Pr(>F)
WAS 1 18.20 18.203 92.863 < 2.2e-16 ***
Residuals 2616 512.78 0.196
Plotting the fitted values of the model against the residuals shows a random
distribution of the observations around the 0 mean. This means the residuals seems
to have approximately constant variance.
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Figure (2.6) The model fitted values versus the residuals
Testing normality of the residuals shows significant results in both tests (refer
table 2.19) indicating that null hypothesis of normality is rejected and the residuals
do not follow the normal distribution. However, plotting the residuals frequency
shows roughly a normal distribution (refer figure 2.7), similarly in the Q-Q plot
with few points not that much far from the rest to less worry about(refer figure 2.8).
As indicated earlier, plots can give an approximate result rather than an exact result
as in numerical tests. By looking at these two plots (refer figures 2.7 and 2.8), the
model can be treated as satisfied the normality assumption.
Table (2.19) Tests for Normality
Kolmogorov-Smirnova Shapiro-Wilk
Residual for GPA(2way Anova)
Statistic df Sig. Statistic df Sig.
0.026 2618 < 0.001 0.996 2618 < 0.001
a Lilliefors Significance Correction
Figure (2.7) Residual Distribution
Checking the normal Q-Q plot, it seems that the normality assumption is satis-
fied, the result of normality is confirmed by the normal Q-Q plot (refer figure 2.8).
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However, due to the low correlation (0.185) and a very small R2 = 0.034, there is a
weak linear relationship between GPA and WAS.
Comment on Model’s Outliers
The analysis has examined the appearance of outliers, which are the points with
extreme residuals. Such analysis looks for the high influential points in the model,
which may have an impact on the model fit if deleted. One method of finding outliers
is through the Q-Q plot of the residuals, which does not indicate any serious outlier
in the model as the suspicious points seems to be in a reasonable distance from the
rest of the points in the Q-Q plot (refer figure 2.8).
Figure (2.8) Normal Q-Q Plot
To measure the influence of a point, the Hessian matrix H is used to evaluate
the leverage. The leverage of a point i is the diagonal element hii of Hessian matrix
H, which is used here to indicate the influence of point i on the fitted model. Sum of
leverage points in simple linear regression is equal to two. So, the mean of leverage
points equals 2/n, then outlier detection is done through looking for observation
with a leverage far from the average of 2/n. There is a considerable number of
points with a leverage more than 2/n (0.002)) (refer figure 2.9). However, only few
points (1034, 1148 and 512) have high leverage and an outlier (a high residual) at
the same time. Omission of these points and conducting the analysis again, does
not improve the fitted model in terms of the explained variation R2.
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Figure (2.9) Outliers and Leverage Diagnostics of GPA
The other measure of outliers is called Cook’s distance. Cook’s distance measure
the impact of omitting one point by computing the distance vector (di = b − bi),
where b is the least squares estimator and bi is the least square estimator after
removing the ith data point. Cook’s distance is an approximate standardisation of
the distance vector di. Plotting Cook’s distance shows that the same points, as in
leverage and outlier plot, have a large Cook’s distance (refer figure 2.10).
Figure (2.10) Cook’s Distance Bar Plot
In spite of defining these three outlier points, fitting a new model without these
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point does not make any improvement and gave effectively the same parametr es-
timates (refer table 2.20). Another option rather than removing the outliers is to
transform the response. Several methods of response transformation (such as log,
square, square root and exp ) have been tried and none of them shows an improve-
ment to the fitted model. So, the inadequate model shows that the relationship
between GPA and WAS is too weak to be used for further analysis. According
to the result, policy-makers should not worry about lowering the admission require-
ment, because the analysis does not show a strong relationships between high school
achievement (WAS) and higher education achievement (GPA), although the impact
of extending the range of WAS should be monitored. Another option, which will
be kept for future research due to data limitation, is to consider student’s marks
in subjects included in WAS computation. For example, assume that admission in
one study program requires WAS of English language, mathematics and physics.
Then, the marks in each subjects will be treated as an explanatory variable. After
studying the impact of WAS on GPA, the next step is to examine the difference
between different group combinations of student’s sex and disciplines.
Table (2.20) Fitting a model of GPA on WAS after removing the outliers
> summary(model02)
Call: lm(formula = GPA ˜ WAS, data = ch2a)
Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 2.135835 0.077768 27.464 <2e-16 ***
WAS 0.009339 0.000959 9.738 <2e-16 ***
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Residual standard error: 0.4416 on 2613 degrees of freedom
Multiple R-squared: 0.03502,Adjusted R-squared: 0.03465
F-statistic: 94.82 on 1 and 2613 DF, p-value: < 2.2e-16
2.6.5.4 Analysis of Variance (ANOVA)
The proposed study aims to investigate the impact of WAS, sex, and discipline
variables on GPA by using the ANOVA method. Selection of these variables to
study their impact on GPA was due to the fact that the admission policy relies
heavily on WAS as a basic criterion in addition to sex in determining the admis-
sion to disciplines. Since the data was collected from Higher Education Admission
Centre (HEAC), admission to funded programs is limited to students aged 18 to 25
years.
ANOVA is generally used with balanced data, but as been indicated in sec-
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tion (2.6.3.1.4), it is reasonable to apply methods with unbalanced data as long as
ANOVA assumptions are satisfied (Keppel 1991).
The imbalance (after 2011) is primarily due to more females getting funded seats
for a bachelor degree in Oman than male counterparts (refer table 2.1), and also
due to a higher response rate of female graduates than their male counterparts in
the 2017 graduate survey 44% and 34% respectively(MoHE 2018a).
The Assumptions
In order to obtain reliable results from the analysis of variance, it is important
to see how good the model in fitting the data is by examining ANOVA assumptions.
There are three assumptions that must be fulfilled before using ANOVA(Howell
2009).
(1)Independence The observations are assumed independent of one another.
(2) Normality The errors follow Normal distribution in each combination of Gen-
der and Discipline (Kozak and Piepho 2018). The null hypothesis is that
the errors are normally distributed. The test used for this assumption is the
Shapiro–Wilk test and confirmed by the normal quantile-quantile (QQ) plot
of the dependent variable14. Testing normality should not ignore the effects
of the treatments by just checking the dependent variable normality, thus test
the errors normality ensures the inclusion of such effect (Kozak and Piepho
2018).
(3) Homogeneity of variance Similar variance in the GPA for each combination
of Gender and Discipline. The null hypothesis is the variance is the same for
each combination of factors. The null hypothesis is tested by Bartlett’s test.
H0 : σ21 = σ22 = ... = σ2n for n factors.
The Null Hyposthesis of direct interest is that all means are equal, H0 : µ21 =
µ22 = ... = µ2n for n
So, the assumptions can be summarised in terms of the errors, the errors are in-
dependent and follow the normal distribution with zero means and have the same
variance across all groups.
The analysis steps are:
1. Check the normality assumption, if the assumption is satisfied (null hypothesis
is not rejected) then move to next step, otherwise the use of non-parametric
14Approximately straight line of the dependent points indicates the normal distribution of the
dependent variable.
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methods is recommended or transformation of the data to be normally dis-
tributed (Kozak and Piepho 2018).
2. Check the variance homogeneity, if the assumption is met then move to the
next step.
3. Conduct the ANOVA.
4. Move to a non-parametric test if the normality and variance homogeneity are
violated.
2.6.6 The ANOVA results and discussion
This chapter aims to analyse the effect of the weighted average score (WAS)
on graduate point average (GPA), and to examine the difference (if any) between
sex, between disciplines and between the the combinations of sex and disciplines.
The most prominent point in the analysis is conducting such analysis in the absence
of balanced data by having extreme unequal sample sizes. The reason of having
this kind of data is due to merging of two sources of data, admission data for a
sequence of academic years and the 2017 graduate survey data. Both data show a
higher number of female students than their male counterparts in all disciplines. The
issue of imbalance of the number of cases in each combination of sex and discipline
may affect on the obtained model accuracy. This problem is commonly known as
“unequal sample sizes”. Would it cause a problem in the following analysis? A part
of the problem is that the possible effect on the equal variance assumption which
will be examined next with other assumptions.
It is the errors that need to be normal. The normality assumption in the ANOVA
analysis and in regression modelling in general is concerning the normality of residual
(the difference between a y value and its fitted value ŷ in the model, e = y − ŷ)
distribution rather than the response variable distribution.
The obtained results graphically (refer figure 2.11) and numerically (refer table
2.21) did not show agreement on the normality of residual distribution. In such
cases, using diagnostic plots to examine model’s assumptions seems to be better
than numerical tests (Kozak and Piepho 2018). This is due to the fact that graphical
plots show a roug result, while numeric tests show an exact result.
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Figure (2.11) GPA Distribution
Table (2.21) Testing Normality of GPA
Kolmogorov-Smirnova (KS) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
GPA 0.031 2618 < 0.001 0.994 2618 < 0.001
a Lilliefors Significance Correction
2.6.6.1 Two-way ANOVA
Analysing group differences between sex and between discipline
Next comes an analysing of sex differences and differences between disciplines,
in terms of GPA results. This analysis would inform decision-makers of how each
sex performs in each discipline. For example, it may be found that the performance
of males in the engineering discipline is better than their female counterparts, and
vice versa may be true in another discipline. The information extracted from the
analysis will assist decision-makers in guiding students in proportion to their sex
when registering for a major. It is also possible to include the employment of
graduates within the analysis, but the topic of employment will be discussed more
broadly in the fourth chapter.
In order to examine such differences, a two-way analysis of variance (ANOVA)
has been conducted. Before examining the model assumptions, three points should
be addressed. Firstly, the data included in the analysis is unbalanced (refer table
2.11). In other words ‘unequal sample sizes’ due to having a different number of
cases between sex and between disciplines. Secondly, that the interaction term of
sex and discipline is not significant, so the effect of one of them is not based on the
other factor suggesting omission of the interaction term(refer table 2.22). This result
is in agreement with the plotted lines of discipline means in each sex (refer figure
2.12), as the sex lines tends to be parallel except in the education discipline.
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Figure (2.12) Estimated Marginal Means of GPA
Thirdly, R Squared, which indicates the amount of explained variation in GPA
results in the analysis, is very low (only 5.1% of the total variation) (refer table
2.22). However, both sex and discipline are statistically significant.
Table (2.22) Two-way Anova Table of GPA
Source Type II Sum of Squares df Mean Square F Sig.
Corrected Model 26.842a 13 2.065 10.665 < 0.001
Intercept 21844.359 1 21844.359 112830.25 < 0.001
Gender 9.333 1 9.333 48.206 < 0.001
Discipline1 21.682 6 3.614 18.665 < 0.001
Gender * Discipline1 1.927 6 0.321 1.659 0.127
Error 504.144 2604 0.194
Total 22375.346 2618
Corrected Total 530.986 2617
a. R Squared = .051 (Adjusted R Squared = .046)
As been indicated earlier testing the normality of the response variable (GPA)
reject the assumption of normality (refer table 2.21), but the graphical plotting of the
response shows roughly normal distribution (refer figure 2.11). As been suggested
to check the errors normality rather than the variable distribution normality (Kozak
and Piepho 2018), similar result has been obtained when fitting a model to analyse
the effect of WAS on GPA. The numerical test rejects the assumption of errors
normality(refer table 2.19), in contrast the graph shows that the errors (residuals
plot) tends to be normally distributed (refer figure 2.7)
As the analysis of variance requires meeting the assumptions of normality and
variance homogeneity, so far it is assumed the normality assumption is met (as been
noted in figure 2.7). The next step is to check the variance assumption. Testing
Homogeneity of variance is statistically significant, so the null hypothesis of equal
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variance across groups is rejected (refer table 2.23) and the homogeneity assumption
is violated.
Table (2.23) Levene’s Test of Equality of Error Variances
GPA Levene Statistic df1 df2 Sig.
Based on Mean 5.075 13 2604 < 0.001
Based on Median 4.985 13 2604 < 0.001
H0: the error variance of the dependent variable is equal across groups.
Design: Intercept + Gender + Discipline1 + Gender * Discipline1
Plotting the fitted values against the residual should appear in a uniform spread
around the zero line, which unfortunately does not behave like a uniform distribution
(refer figures 2.13, 2.14) confirming the obtained result from the test (refer table 2.23)
of violating the assumption of homogeneity of variance. The vertical lines indicates
groups of fitted values not disciplines. These two plots of fitting values of GPA
against the residuals of GPA show two indications. The first one, in general the
fitted values for females are higher than males in all disciplines. The second one is
that the fitted values in each discipline is represented in two vertical groups, one for
each sex. However, plotting fitted values against the residuals of GPA did not show
a consistent variance across groups.
Figure (2.13) The Fitted Values against the Residuals by sex
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Figure (2.14) The Fitted Values against the Residuals by discipline
So, as Anova assumption of homogeneity of variance is violated, such analysis
of variance should be done by using other methods. Notice here that the aim of this
chapter is twofold, the first part has an effect of WAS on GPA, while the second
part is to study the differences that may occur between sex, and between disciplines.
Therefore, taking into account the aim of this chapter, it may be possible to handle
the presence of unbalanced data and the violation of variance homogeneity through
other approaches rather than Anova. Such approaches are:
1. Transform the response variable (GPA) to a categorical variable.
2. Friedman’s Test for a nonparametric Randomized Complete Block Design.
2.6.6.2 Transforming the dependent variable
A further investigation has been done to examine the possibility and options
for transforming the dependent variable. To do so, a separate analysis of each
combination of the factors (sex and discipline) has been conducted by fitting a
linear model of GPA ∼ WAS. Then, four quantities are obtained which are; mean
and standard deviation of each of the response variable and standard deviation of
the residuals and the mean of the fitted values. Outputs of the analysis can be seen
in the following plots:
The two plots below did not show any relationship between mean and standard
deviation, which indicates that the mean can not be considered as a proportion of the
standard deviation in each plot. Having such result suggests that transforming the
response variable (GPA) would not solve the violation of ANOVA assumptions.
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Figure (2.15) Spread vs. Level Plot of Y (GPA)
Figure (2.16) Mean of Fitted Values vs Standard Deviation of Residuals
An alternative option is to conduct two one-way anovas (analysis of variance),
one for sex and then for discipline.
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2.6.6.3 One-way Anova as an option
One-way anova is a statistical method used to compare the variance between
groups by using only one independent variable (factor). In the following analysis a
set of one-way anova’s are conducted in order to assess the difference in the mean of
GPA’s between males and females and between disciplines. The use of this method
is due to the earlier result, which violated the assumption of variance homogene-
ity.
One-way Anova for Gender Applying one-way anova of GPA on Gender shows
a significant F − ratio, which leads to the reject the null hypothesis of having equal
means (refer table 2.24). So, anova suggests that males and females have different
mean of GPA.
Table (2.24) One-Way ANOVA for Gender
GPA Sum of Squares df Mean Square F Sig.
Between Groups 3.234 1 3.234 16.03 < 0.001
Within Groups 527.752 2616 0.202
Total 530.986 2617
Testing the assumption of homogeneity variance shows a significant result at
α=0.01, which means this assumption is not satisfied (refer table 2.25).
Table (2.25) Test of Homogeneity of Variances (Gender)
GPA Levene Statistic df1 df2 Sig.
Based on Mean 8.575 1 2616 0.003
Based on Median 8.185 1 2616 0.004
One-way Anova for Discipline Testing the mean difference between disciplines
shows that disciplines have unequal means as th F − ratio is significant (refer table
2.26). Assumption of variance homogeneity is violated as the p-value of the test is
significant (refer table 2.27).
Table (2.26) One-Way ANOVA for Discipline
GPA Sum of Squares df Mean Square F Sig.
Between Groups 15.583 6 2.597 13.157 < 0.001
Within Groups 515.404 2611 0.197
Total 530.986 2617
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Table (2.27) Test of Homogeneity of Variances (Discipline)
GPA Levene Statistic df1 df2 Sig.
Based on Mean 9.082 6 2611 < 0.001
Based on Median 8.917 6 2611 < 0.001
One-way Anova for Discipline in each Gender Previous analysis of variance
for each factors (sex and discipline), in spite of violating the equal variance assump-
tion, show that males and females have different means. The analysis of variance
between disciplines show that the equal variance is violated and there is a difference
of mean between disciplines.As another option, maybe someone think of invistigate
the difference between disciplines in each sex beside examining the equal variance
assumption. To do so two one-way anova table is conducted for disciplines in each
sex. The one-way anova table 2.28, shows that disciplines in each of sex have unequal
means as the F − ratio was significant indicating that H0 is rejected.
Table (2.28) One-Way ANOVA for Discipline in Each Gender
Sum of Squares df Mean Square F Sig.
Male
Between Groups 7.443 6 1.24 5.303 < 0.001
Within Groups 80.242 343 0.234
Total 87.685 349
Female
Between Groups 16.165 6 2.694 14.37 < 0.001
Within Groups 423.902 2261 0.187
Total 440.068 2267
Testing the assumption for discipline in each sex shows an improvement only for
male students, as this time the the null hypothesis of equal variance is retained for
males (refer table 2.29) suggesting that the variance is equal across disciplines.
Table (2.29) Test of Homogeneity of Variances (Discipline in Gender)
Levene Statistic df1 df2 Sig.
GPA (Male)
Based on Mean 1.949 6 343 0.072
Based on Median 1.966 6 343 0.070
GPA (Female)
Based on Mean 8.073 6 2261 < 0.001
Based on Median 7.956 6 2261 < 0.001
A summary of the above results generally showed that the assumption of vari-
ance has been satisfied only for males in all conducted ANOVA. The imbalanced
CHAPTER 2. TRANSITION INTO HIGHER EDUCATION (ADMISSION) 93
data can be seen as the source of females failing to satisfy the variance assumption.
The data used in the analysis has an extreme gap between males and females and
between disciplines as well (refer table 2.11).
2.6.6.4 Ordinal Regression for Categorical GPA
As an alternative method to anova is ordinal regression. The response variable in
the regression is categorical and the categories are in ordinal structure. The reason
of using this method is try to find the differences (if any) between males and females
and between disciplines according to a set of ordinal values of the GPA.
Two methods have been used to convert the continuous variable of GPA to a
categorical variable. The first method by using the four points scale to represent the
GPA. The other one is to distribute the continuous variable evenly in five or four
groups, and ensure that they are roughly equal.
Converting GPA variable to a categorical variable In order to treat the
response variable (GPA) as a categorical variable, a four point scale system15 is
adopted from the Sultan Qaboos University (SQU) grading system16 (refer table
2.30).
Table (2.30) Grading Scale of Four Points
Grade A A- B+ B B- C+ C C- D+ D
Point 4.0 3.7 3.3 3.0 2.7 2.3 2.0 1.7 1.3 1.0
Two variables have been obtained to represent the GPA variable. The first
variable will have the values as in table (2.30), while the other one combines all levels
of one letter in one group. For example, C+, C and C- are combined together in
group C. Creating these two variables is to see which one would show more precise
result than other. However, the distribution of grades in these levels shows that
some grade groups are less than 1%, such as A, C- and D+ (refer table 2.31). So,
combining these groups as been stated would represent the data in an appropriate
way (refer table 2.32).
15It’s called four points because the grade ranges from 0 to 4
16www.squ.edu.om/Portals/20/academic-en-2019.pdf?ver=2018-10-30-085736-280
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Table (2.31) Student Grade Distribution











Table (2.32) Student Grade Distribution (Reduced)





So, three levels of GPA have been obtained in order to conduct the ordinal
logistic regression. It is noted in these data that there are a few numbers (less than
five) of students who obtained a certain grade in some disciplines, which may have
an impact on the results obtained(refer table 2.33). Small number of students in
each students can not be fixed by a larger number than three, as it is more likely to
have more groups with few number of students.
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Table (2.33) Discipline * GPAC1 * Gender Cross-tabulation
Gender Discipline A B C Total
Male Information Technology 0 6 9 15
Engineering and related technology 15 80 70 165
Education 0 6 10 16
Management and Commerce 1 26 28 55
Culture and Society 1 7 16 24
Religion and Philosophy 4 31 9 44
Other 0 11 20 31
Total 21 167 162 350
Female Information Technology 9 196 156 361
Engineering and related technology 38 218 128 384
Education 1 50 11 62
Management and Commerce 28 310 160 498
Culture and Society 8 197 96 301
Religion and Philosophy 6 50 3 59
Other 9 386 208 603
Total 99 1407 762 2268
Total Information Technology 9 202 165 376
Engineering and related technology 53 298 198 549
Education 1 56 21 78
Management and Commerce 29 336 188 553
Culture and Society 9 204 112 325
Religion and Philosophy 10 81 12 103
Other 9 397 228 634
Total 120 1574 924 2618
In terms of grading, more than half of the graduates in this study obtained a B
grade, while those obtained an acceptable grade C, accounted for about 35%. As for
the rest of the students who obtained a distinguished grade A, they did not exceed
120 students, representing less than 5% (refer table 2.34). The highest two disciplines
are ‘engineering and related technology’ and ‘management and commerce’, as both
majors represent 42% of the participated graduates. There is no big difference
between the rest of disciplines as they fluctuated between 9% and 15% (refer table
2.34). It is noted in these data that the number of females is more than six times
the number of males, which may lead to the analysis of each sex separately from the
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other(refer table 2.34). There are 385 graduates who did not include their GPA in
the 2017 graduate survey17, which represent about 13% of the total students in the
data (2618).
Table (2.34) Processing Summary




Discipline N Marginal Percentage
Information Technology 376 14.40%
Engineering and related technology 549 21.00%
Education 78 3.00%
Management and Commerce 553 21.10%
Culture and Society 325 12.40%
Religion and Philosophy 103 3.90%
Other 634 24.20%






The ordinal regression has been conducted by using SPSS software, and the
included variables are sex, discipline and WAS in addition to the response variable,
GPA (the categorical version GPAC1).
The significant p-value (< 0.05) rejects the null hypothesis indicating that the
final model has a significant change over the intercept only model(refer table 2.35),
suggesting that the model is different from the intercept only model.
Table (2.35) Model Fitting Information
Model -2 Log Likelihood χ2 df Sig.
Intercept Only 3913.470
Final 3788.594 124.876 8 < 0.001
Testing the goodness-of-fit of the model, Pearson chi-square test shows a signif-
17The data is a merge of the 2017 graduate survey and the admission data of the targeted year
in the survey
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icant score. So, the null hypothesis (H0: the fit is good) is rejected suggesting that
the model does not fit well.
Table (2.36) Goodness-of-fit
Chi-Square df Sig.
Pearson 4492.100 4190 < 0.001
Deviance 3497.489 4190 1
Pseudo R-Squared In terms of explaining the variation on GPA, Nagelkerke
shows that only 4.7% of the variation between graduate GPA is explained by the
included factors in the analysis. Such low R2 indicates that the model is poor
to predict the outcome (GPA) when fitted with only sex and discipline variables.
Notice that, the analysis includes, also, WAS.
In spite of the importance of R2 in assessing the model adequacy, the Pseudo
R2 is not that important to the analysis. Regardless of what the Pseudo R-squared
offers, many researchers prefer not to refer to it in their published research (Hahs-
Vaughn and Lomax 2013), which is consistent with what (Pampel 2000) indicated
in not giving the Pseudo R-squared a great importance in the analysis. How-
ever, Pseudo R-squared can be interpreted as R-squared (Hahs-Vaughn and Lomax
2013).Pseudo R2 will not be given much importance.
Table (2.37) Pseudo R-Square
Cox and Snell 0.047
Nagelkerke 0.058
McFadden 0.029
The other test is to examine the null hypothesis of stating that slope coefficients
are the same across response categories. However, the test is significant, so the null
hypothesis is rejected and concluding that slopes coefficients are not the same across
response categories.
Table (2.38) Test of Parallel Lines
Model -2 Log Likelihood Chi-Square df Sig.
Null Hypothesis 3788.594
General 3730.647 57.947 8 < 0.001
The results from these tests do not suggest that the proposed model is actually
able to predict the outputs (GPA). So, in the next step the same model is performed
but this time separately for each sex.
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Table (2.39) Parameter Estimates
Threshold Estimate Std. Error Wald df Sig. LB. 95%CI UB. 95%CI
[GPAC1 = A] -5.735 0.429 179.145 1 0 -6.575 -4.896
[GPAC1 = B] -1.96 0.409 22.921 1 0 -2.763 -1.158
WAS -0.03 0.005 38.814 1 0 -0.04 -0.021
[Discipline1=IT] 0.082 0.134 0.372 1 0.542 -0.181 0.345
[Discipline1=ENG] -0.547 0.126 18.787 1 0 -0.794 -0.299
[Discipline1=EDU] -0.248 0.253 0.958 1 0.328 -0.744 0.248
[Discipline1=MNG] -0.335 0.12 7.719 1 0.005 -0.571 -0.099
[Discipline1=CLT] -0.035 0.139 0.064 1 0.8 -0.308 0.237
[Discipline1=RLG] -1.44 0.24 35.87 1 0 -1.911 -0.969
[Discipline1=Other] 0a . . 0 . . .
[Gender=Male] 0.67 0.125 28.645 1 0 0.425 0.915
[Gender=Female] 0a . . 0 . . .
a This parameter is set to zero because it is redundant. Thresholds represent the intercepts in
terms of a logit. The odds ograduating with grade B is the complement of the odds of graduating
with grade C; and the odds of graduating with grade A is the complement of the odds of
graduating with grade B and lower.
Ordinal Regression for Categorical GPA (Separate Gender)
The analysis is conducted by using SPSS software. The data used in the anal-
ysis is split into two data sets (male and female), and the analysis is conducted
simultaneously for both sex.
At a significant level of α = 0.05, both tests of model fitting are significant
indicating that the null hypotheses (H0: The model is the same as the intercept
only model) is rejected. So, the fitted models are different from the intercept only
model.
Table (2.40) Model Fitting Information (by Gender)
Gender Model -2 Log Likelihood Chi-Square df Sig.
Male Intercept Only 598.832
Final 563.671 35.161 7 < 0.001
Female Intercept Only 3289.202
Final 3208.847 80.356 7 < 0.001
Testing the goodness-of-fit, shows that the model fit well only for males as the
test of goodness-of-fit retains the null hypothesis, but not for female as the null
hypothesis is rejected at α =< 0.05 (refer table 2.41). This outcome suggests that
fitting the ordinal regression model can fit well with male data only.
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Table (2.41) Goodness-of-fit (Pearson)
Gender Chi-Square df Sig.
Male 634.587 655 0.709
Female 3775.890 3527 0.002
Both sex have very small values of Pseudo R-Squared, which indicates that the
proposed model does not show much improvement to the null model (only intercept
model) (refer table 2.42).
Table (2.42) Pseudo R-Square
Male Cox and Snell 0.096
Nagelkerke 0.0116
McFadden 0.057
Female Cox and Snell 0.035
Nagelkerke 0.044
McFadden 0.022
In terms of testing the null hypothesis that slope coefficients are the same across
response categories, it can be seen that males retain the null hypothesis, which means
that the disciplines of male students have the same slope (refer table 2.43).
Table (2.43) Test of Parallel Lines
Gender Model -2 Log Likelihood Chi-Square df Sig.
Male Null Hypothesis 563.671
General 555.056 8.615 7 0.282
Female Null Hypothesis 3208.847
General 3160.984 47.863 7 < 0.001
From the above it is clear that the male data showed a greater ability to pass
statistical test than female data.
In the analysis, the response variable (GPA) has been treated as a three levels
categorical variable. This did not prevent the variable to have even a small number
of observations in some cases. So, in the next section the GPA will be treated
differently.
2.6.6.5 Repartition of GPA
Another categorical variable for the response is created just to make sure whether
there is a better method to balance the number of observation s in each category.
CHAPTER 2. TRANSITION INTO HIGHER EDUCATION (ADMISSION) 100
To do so, the cumulative percentage is used to determine the cut-off points. Five
cut-off points are determined, 20%, 40%, 60% and 80% (refer table 2.44). However,
trying the same ordinal logistic regression analysis there was no much differences.
Notice that the new variable (GPA5) is treated here as an ordinal variable.
Table (2.44) GPA distribution in five categories
GPA5 N Min Max Percentage
1 510 1.45 2.48 19.5
2 524 2.49 2.74 20.0
3 510 2.75 2.99 19.5
4 540 3 3.28 20.6
5 534 3.29 4 20.4
Total 2618
Missing 385
Fitting the ordinal regression has been examined in several ways. First the model
is different from the intercept, which is a good indication of the model capability to
fit the data (refer table 2.45).
Table (2.45) Model Fitting Information for five levels GPA
Model -2 Log Likelihood Chi-Square df Sig.
Intercept Only 7769.517
Final 7591.325 178.193 8 < 0.001
The other test of the model is the goodness-of-fit test, which shows whether the
model fit well the data. This test with a Chi-Squares of 8392.139 (df=8388) was non-
significant (p-value = 0.485). So, the null hypothesis is retained concluding that the
model fit well the data. The Pseudo R-Square does not have much improvement in
compare with previous models as it has a value of only 6.6% for Cox and Snell.
Finally, testing the parallel lines across the response categories, shows that the
null hypothesis of having parallel lines is rejected suggesting that the slope coeffi-
cients are not the same for the GPA categories.
2.6.6.6 Non-parametric Tests
In order to avoid the problem of violating ANOVA assumption, a non-parametric
test is used in such case. There are several types of non-parametric tests, which
handle various types of data in terms of the number of factors and in terms of the
sample structure, paired samples and independent samples. For the first case where
the samples are related ‘Friedman’s ANOVA’ is used for more than two factors. In
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the case of related samples but only one factor with two level (such as a student
scores in pre-test and post-test) ‘Wilcoxon test’ is used. The second case, which
is the case of this chapter, testing the difference between a group of independent
samples is done by used ‘Mann-Whitney test’ in case of two independent samples
and ‘Kruscal-Wallis test’ for more than two independent samples.
Testing the hypothesis of equal GPA distribution between males and females
is rejected. Male graduate GPAs distribution is significantly different from their
female counterparts (refer table 2.46).
Next comes the examination of the differences between the disciplines to see
whether the achievement of each discipline differs from the other. The test result
shows that the difference is significant, so the GPA distribution is not the same
across disciplines.
So far the difference between males and females exists in term of GPA. Similarly,
the difference between disciplines exists in the obtained GPA. The study intends to
see the difference between disciplines in each sex. Conducting the Kruskal-Wallis
test for disciplines in each sex shows similar outcomes to anova for disciplines in each
sex. While females show a statistically significant Kruskal-Wallis test (p < 0.001) for
difference between disciplines, the same test for males is not statistically significant
(refer table 2.46). That means, for females the distribution of GPA is not the
same across disciplines, whereas males have the same distribution of GPA across
disciplines. Looking back to the figures (2.13 and 2.14) confirms the obtained result
of table (2.46), as the figure shows clearly such differences between disciplines and
between sexs.
To summarise, in terms of the GPA, the differences exist between males and
females and between disciplines. Despite the differences in GPA for sex and spe-
cialisation, there were no differences between male graduates in different disciplines.
Whereas, females showed a difference between the graduates of each major in edu-
cational attainment. Bear in mind that statistical tests related to finding differences
between a number of groups show significant result if there is at least two groups
show significant difference.
In spite of violating the homogeneity of variance, the obtained one-way anova
show similar conclusion in terms of the GPA differences between sex, between dis-
ciplines and between disciplines in each sex (refer section 2.6.6.3).
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Table (2.46) Non-Parametric Tests for Difference between Independent Sam-
ples
Null Hypothesis Test Sig.
The distribution of GPA is the same across categories of
Gender.
Mann-Whitney U Test < 0.001
The distribution of GPA is the same across categories of
Discipline.
Kruskal-Wallis Test < 0.001
The distribution of GPA is the same across categories of
Discipline (Male).
Kruskal-Wallis Test 0.099
The distribution of GPA is the same across categories of
Discipline (Female).
Kruskal-Wallis Test < 0.001
2.7 Conclusion
Decision makers in the Omani educational system can benefit from the results
of improving the policy of admission to higher education in order to allow students
who are highly likely to complete the course. This is consistent with the United
Nations Declaration on Human Rights in Education, which indicated that admission
to higher education should be based on merit (Article 26 (1)).
This chapter has three main objectives, (1) examining the relationship between
WAS and GPA, (2) examining differences in GPA between sex, and (3) examining
differences in GPA between disciplines. In order to achieve these goals, there was a
major challenge represented in data imbalance, either at sex or discipline level. The
difference between males and females in the number of students was large in favour
of females. There is a great difference in the number of students in each discipline
(and even between disciplines in each sex). A number of statistical techniques have
been used to achieve these goals. The beginning was using simple linear regression
to investigate the relationship between WAS (weighted average score) and GPA
(grade point average). The relationship was positive but weak, and the model
explained less than 5% of the variation in GPA. The analysis examined, also, the
regression line for each sex and the result remains as the model of both sexs. So,
according to the result obtained from the analysis of the relationship between WAS
and GPA, policy-makers should keep the WAS requirement to enhance graduate
GPA. However, the analysis can be enhanced by having approximately balanced
data of male and female students. The analysis can, also, be improved by including
WAS in the future graduate surveys.
Next, in order to achieve the second and third goals, which are about finding
the difference of GPA between sexs and between discipline (if they exist), ANOVA
(analysis of variance) has been used. Bear in mind that the data were imbalanced
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with unequal sample sizes, which may lead to the result being affected by any viola-
tion of the model assumptions (equal variance across groups and normal distribution
of errors). In spite of the caution of using ANOVA on imbalanced data, it has been
used to investigate the difference between sexs, between disciplines and between
disciplines in each sex. A two-way ANOVA18 has been used first where GPA is
the response variable and sex and discipline variables as fixed factors19. Unfortu-
nately, the model obtained did not satisfied the ANOVA assumption of variance
homogeneity. However, what has been noticed from the ANOVA outputs, is that
the interaction terms is not statistically significant. As an alternative, the analysis
of variance has been examined in several ways by using one-way ANOVA20.
One-way ANOVA of Gender the assumption of variance homogeneity is vio-
lated.
One-way ANOVA of Discipline the assumption of variance homogeneity is vi-
olated.
One-way ANOVA of Discipline in only male students the assumption of vari-
ance homogeneity is violated.
One-way ANOVA of Discipline in only female students the assumption of
variance homogeneity is violated.
None of the used one-way ANOVAs satisfied the variance assumptions, which
suggests use of another method to analyse this kind of data. An alternative option
is to use non-parametric tests for independent samples to test the difference (if
exist) between sexs and between disciplines, which do not require any assumptions
regarding variance homogeneity and error distribution. It may worth trying other
type of regression modelling before conducting the parametric tests, which is the
ordinal regression.
In Ordinal regression the response variable has been converted from a continuous
variable to a categorical variable with ordered values (A, B, and C). The response
variable can be converted to more categories as in grade guideline (such as A, B+,
B, B-, ... etc.), but has been reduced to avoid the problem of having cells with zero
or small number of cases. The ordinal regression models have very small values of
Pseudo R-Squared, which indicates that the proposed model does not show much
improvement to the null model (only intercept model) to fit this type of data in all
obtained analyses, which were for sex, discipline and discipline in each sex. Now to
18A two-way ANOVA involves two factors with levels in the analysis of variance, such sex and
discipline.
19Fixed factor is where the factor is an interest of the study, while random factor is where the
factor value is randomly obtained of a large population.
20One-way ANOVA involves only one factors with levels, such sex or discipline).
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move to the non-parametric tests in order to find if differences exist between sex,
between disciplines, and between disciplines in each sex. This type of analysis is
preferred when modelling data that tends to violate the assumptions of normality
and Homoscedasticity . There are different types of non-parametric tests such as
paired samples and independent samples, but as the data structure is assumed to
be independent, the tests of independent samples have been used. To compare
between sex, Mann-Whitney U test has been used, and the test concludes that the
difference exists between male and female graduates in the obtained GPA. Similarly,
graduates in different disciplines did not obtain the same GPA. So, the results show
that male achievement varies from female achievement, and at least graduates of
two disciplines have different GPA. These results give an indication of the different
achievement between sexs and between disciplines, which may lead policy-makers
to have a further investigation for the reason of this variation. For example, is it
linked to the entry requirement? or can be linked to the institution?
What about the performance across disciplines in each sex? To answer the
question, another non-parametric test has been used in each sex named Kruskal-
Wallis test for multi independent samples. The results indicated that there were
no statistically significant differences in the GPAs between males in each discipline,
indicating that males perform almost similarly regardless of discipline. Whereas, the
results indicated that there are statistically significant differences in the GPAs be-
tween females in each discipline, indicating that females’ performance is not similar
in different disciplines. The difference can be seen as a result of discipline structure
and curricula, as females may have a different attitude toward each discipline. The
obtained result is in line with the result of the Mann-Whitney U test, which found
that males’ performance is different from females’ performance on the obtained GPA.
Such results require more in-depth research in the future to find out the reasons for
the similarity and difference in the obtained GPA, which may involve other variables
in the analysis, such as type of educational institution, student’s geographic area,
and the competitive grades in which students are admitted.
To sum up, the result shows that WAS has a statistically significant positive
but low relationship with GPA, which may not bother policy-makers considering any
modifications to admission policy unless there is something else related to the labour
market. Males and females show different performance in obtaining GPA, which may
lead the policy makers to consider each case of sex and discipline separately. It is
worth noting that the system in place for admission to higher education has set a
certain quota for each sex in some institutions, as opening the way for admission
to higher education without specifying sex may lead to a severe shortage in the
number of males enrolled in higher education, which will generate a shortage in
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the number qualified graduates to join the labour market. Furthermore, opening
the field for admission to higher education without specifying sex will also lead
to high competitiveness for females to join the labour market amid the limited
jobs offered compared to the expected number of females graduating. Therefore,
balance is needed in this regard, and it is what the Ministry of Higher Education in
Oman has done, by determining the admission mechanism according to the type of
educational programs and institutions. In some institutions such as Sultan Qaboos
University, admission is according to a specific quota between males and females,
while military educational institutions usually limit their programs to males only,
due to the work type after graduation. In addition, some private institutions such
as Al-Zahraa College and the fashion design programs at the Scientific College of
Design are intended only for females, in order to provide more opportunities for
females to be employed after graduation in jobs that fit their feminine nature.
This study could be improved to produce detailed result by giving access to
student marks in each subject and provide a detailed modification on any entry
requirement in each program. The author of this study tried to find a way to
report the modification, but this was not possible, due to missing document of
entry requirement before the year of change (2011) and due to the most of the
study programs put the lowest grade in its requirement, for example a grade D in
English for those studying English arts, which does not make sense for an appropriate
admission.
What about the impact of study progression on study outcomes (GPA, gradua-
tion, drop-out and postponing study)? This is an important topic as policy-makers
need to have an indication of student progression through the higher education sys-
tem in order to detect any anomalies on student transition from one year of study
to the next one until graduation or until leaving the study. The next chapter inves-




This chapter reports on the investigation of the application of Markov Chains on
Omani student flows within the Higher Education system. The data has been ob-
tained in an aggregate form from the Omani Higher Education Statistical System
(HESS). A Conditional Least Squares method has been adopted to calculate the
transition probabilities matrix, rather than estimating transition probabilities with
the Maximum likelihood estimator (MLE) or the method of proportion analysis
which requires individual data rather than aggregated data.
The obtained results have been used to estimate the time spent in each year of study
and the time needed to complete a degree in tertiary education. All disciplines in
HESS have been examined thoroughly, however, not all disciplines have data to
meet the criteria for satisfactory analysis due to data lacking in HESS. Having this
information would guide the decision makers in Higher Education Admission to
determine the number of new students in each of the disciplines.
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3.1 Introduction/Literature Review
Higher education is a pivotal stage in a student’s academic and practical life.
The importance of this stage is highlighted in that it determines, to a certain extent,
the student’s career path in terms of the quality of acquired skills and certificate
obtained. In order to improve the educational processes, modelling students flow
within educational systems has emerged in the educational landscape.
Perhaps one of the most important reasons for investigating student transitions
within educational systems is the lack of sufficient research on this aspect of student
transitions. Work on transition within higher education remains active, since the
early Australian work of (Gani 1963) till the recent Ethiopian work of (Walde 2019)
and the comprehensive review of (Trigwell 2017). The literature shows that research
on modelling student flow within HE continues despite its low frequency in compari-
son with other topics on students transitions, such as High School student transition
to first year of Higher Education and Higher Education graduates transition to the
Labour Market (Trigwell 2017).
Education is a fundamental human right, and it has been declared in article
number 26 of the Universal Declaration of Human Rights1. Education, and higher
education in particular, may not yet be the aim for individuals, as they will look
later for a job meets their desire for a better life after completing a certain level
of education. In this context, governments are working to provide higher education
for everyone in order to improve their chances of graduation and obtaining jobs
matching their knowledge and testimony. Oman is not apart from this issue, the
Ministry of Higher Education has in mind the importance of raising the efficiency of
the educational system in line with the requirements of development and the needs
of the labour market2.
Every year there is a number of students who enter the HE system and there are
another number of graduates who leave the system for the labour market. Between
these two numbers, there are a larger number of students who are still studying in
different years of study program. In time, these current students together with the
new entrants each year will graduate and look for a job.
The problem of linking graduates to the labour market can be further clarified.
When there are a number of unemployed graduates (e.g.mechanical engineers), and
HE system keeps accepting students in this discipline at the same admission rate, the
unemployment rate may be exacerbated with the number of unemployed mechanical
1United Nations Human Rights, (https://www.ohchr.org)
2The strategic objectives of the Omani Ministry of Higher Education (https://www.mohe.gov.
om)
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engineers continuing to increase causing a problem of surplus in the number of
graduates looking for work in this specialisation. Such surplus may have impacts
on both the individual and the community as a whole. Hence, the ministry is often
blamed for not restricting admission to this specialisation.
There being a surplus does not necessarily mean that the ministry should stop
admitting students into a certain discipline (e.g Education). Previous experiences,
such as when the ministry transferred five colleges of education to colleges of applied
sciences, because there was a surplus in the number of education graduates, led after
a period of years equivalent to the needed period of obtaining a degree in education
(about four years), to a shortage of education graduates. Consequently, the Omani
Ministry of Education requested teachers from other countries to fill the gap caused
by a lack of national graduates. Perhaps a more moderate change of closing one or
two colleges would have had a better result.
The problem is not in the number of admitted students, or graduates, but it is
about admitting new students at the same rate while there is a surplus of graduates
who have not got a job. The number of unemployed graduates may be tolerated if
it is a matter of time to get a job. However, what happens now is that students
are admitted in Higher Education at the same rate regardless of the number of
unemployed graduates.
Continuing admission at the same rate exacerbates the problem of unemployed
graduates in two ways. The first aspect relates to the number of graduates who
accumulate each year and the second is related to the time graduates wait until
getting a job. There is no doubt that economic factors and the financial situation in
each country may have a negative impact on graduates employment, but this study
will try to address the problem and reduce the effects of graduates unemployment
from the Higher Education perspective.
Planning acceptance of students based on statistical data and indicators on the
current situation would minimise the impact of this problem by taking into account
a number of factors in planning future admission. These factors include the number
of unemployed graduates and the number of current students in different academic
years in addition to the number of graduates expected in each specialisation. This
certainly does not eliminate the impact of the economic situation of the Sultanate,
as well as unanticipated graduate employment trends.
Admitting students in Higher Education should be more responsive to the con-
ditions of graduates in terms of number, gender, specialisation and the period they
spend without work. This would improve the admission in Higher Education,
through making it more responsive to the actual needs of the labor market, and
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thereby better fulfilling the desires of these graduates for a job.
3.2 Student Flows in Omani Higher Education
Understanding students’ flows in the Higher Education (HE) system is a valuable
and important source of information for decision makers wishing to improve student
enrolment. This information is, also, important in examining possible consequences
of potential changes in HE admission policy.
The HE system is the stage following school education. According to their
subjects’ marks and their competitive average3 in each study program, students
compete to get into their preferred choice of educational study program through
an electronic admission system. Students with high competitive averages are more
likely to get their preferred seat in HE4.
Seats or places in the HE system in Oman have different characteristics in various
disciplines, and this in turn impacts on student flow through the degrees. For exam-
ple, they vary according to type of funding, expected number of years to complete
and the minimum requirements. There is variation between students as to when
they move from one level to the next level, until graduation or withdrawal from the
system. There is a need to analyse this variation to get a better understanding the
behaviour of students through the HE system in Oman.
According to the latest data of higher education for the academic year 2018/2019,
the number of admissions to education (including professional programs) reached
23837 students. The Sultanate has more than 50 educational institutions, including
seven private universities across the Sultanate and one government university in the
capital, Sultan Qaboos University. There are more than 20 private educational in-
stitutions, most of which are located in the capital. The students are divided into 11
majors (refer table 3.1). These disciplines can be found in more than one educational
institution or can be limited to one institution only. While the IT discipline is found
in most institutions of higher education, the specialisation of education is limited
to the College of Education (Rustaq), Sultan Qaboos University (public university)
and the universities of Dhofar and Nizwa (private universities).
3Each study program has a minimum requirement and a formula to calculate the competitive
average between students, (Admission System Regulation).
4Admission System Regulation, has been issued on 29/01/2001 by the Ministry of Higher Ed-
ucation.
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Table 3.1 Enrolled Students in 2018/2019 Academic Year by Discipline
Major %Enrolled Students N
Management and Commerce 26.6 6341
Engineering and Related Technologies 25.2 6007
IT 13.7 3266
Society and Culture 7.5 1788
Natural and Physical Sciences 6.2 1478
Health 6 1430
Education 5.3 1263
Creative Arts 3.4 810
Agriculture, Environmental and Related Studies 1.6 381
Architecture and Building 1.2 286
Religion and Philosophy 0.5 119
Unspecified Major 2.8 668
Total 100 23837
Source: Higher Education Admission Statistics 2018/2019
As for government educational institutions, they are distributed as follows. Six
colleges of applied sciences, which are under the supervision of the Ministry of Higher
Education, and there are seven technical colleges, which in turn under the supervi-
sion of the Ministry of Manpower, which also oversees the institutes and professional
colleges. There are also a number of health, nursing, pharmacy and medical records
institutes operating under the supervision of the Ministry of Health. In 2018 the
health educational institutions were merged into one institution, the Oman College
of Health Sciences5. In spite of the presence of more than one authority supervising
a certain number of educational institutions, the process of accepting students and
determining their numbers in these institutions is subject to the direct supervision
of the Ministry of Higher Education, which in turn performs this task in cooperation
with other bodies.
In general, the transition between the institutions of the same supervisory body
is a possibility and is usually without obstacles (each student’s case is considered
individually on a case-by-case basis). Transfer in such cases is typically involves mov-
ing to an institution closer to the student’s residence and this is not problematic
provided a student is in compliance with the admission requirements of new insti-
tution. The transition between institutions with the same supervisory authority is
usually easier than moving between institutions with different supervisory bodies.
For example for a transition within the same supervisory authority, students may
move from Ibra technical college to Shinas technical college and vice versa as the ad-
mission requirement usually are the same. While the transition between institutions
with different supervisory bodies requires firstly an available seat in the institution
5Royal Decree No. 18/2018 issued on June 6, 2018.
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to which they are moving. Secondly, students must meet the admission require-
ment in the program of the institution they are moving to. For example, Sultan
Qaboos University annually allows a number of students studying in the Sultanate
to move to the university provided that they meet the requirements of admission to
the programs offered, which may include (for example) achieving a certain grade in
a particular subject.
There is no doubt that disciplines differ in terms of admission requirements,
study period, completion rates and other indicators. For example, Education, which
is usually taught in Arabic, requires a student to study at least 4 years to obtain
a bachelor’s degree with a number of credit hours between 120 and 140. This
period may increase to a maximum of six years and this is due to the student’s
performance. Whereas for Engineering, which is taught in English, students need
4.5 years to obtain a bachelor’s degree for the same range of credit hours. This period
may increase to a maximum of 6.5 years. Similarly, Medicine admits students who
scored high grades in high school and the teaching language is English with students
spending between six and eight years to obtain a medical degree.
The process of admitting students into higher education programs is determined
by the number of seats offered in each program and then several variables which
define entry conditions such as a certain grade in a particular subject, for example
achieving at least 60% in Mathematics. In order to ensure fair enrolment of students,
MoHE calculates the competitive score of each student in the desired programs
according to equation (3.1).
Competitive Score = (Average Grade of Subjects Taken by the Student)× 40% +
(Average Grade of Subjects Required for a Specialisation)× 60%
(3.1)
The competitive score in a study program is affected by the program conditions
and the number of students who meet these conditions and have applied for this
program. It may occur that the number of students meeting the requirements of the
program is greater than the number of seats offered in the same program. In such
cases, the competitive score (as in equation 3.1) is used so that the students with
the highest competitive scores are admitted first until all vacant seats are filled. In
this case, the lowest competitive score would be high. In other cases, the number of
students who meet the requirements of the program is less than the number of seats
offered in the same program. In this case, the conditions are usually modified albeit
slightly to admit more students. In this case, the lowest competitive score would be
low. Note that the lowest competitive score indicates the strength of the competition
in each study program, while the competitive score of each student admitted in a
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certain program shows the student’s rank among the admitted students.
According to the conditions of each program and the number of students admit-
ted in each program, competitive scores vary. As shown in figure (3.1), more than
half of the medical students achieved competitive scores higher than 90%. This is a
sign of the strength of competition for a seat in medicine. The figure also refers to
the discipline of health sciences, which is at a lower rate than that of medicine. Most
of the students’ scores ranged between 75% and 85%. Next comes the discipline of
engineering, although some students have high competitive scores, more than 50%
of admitted students in engineering do not exceed the competitive threshold of 70%.
Finally, in the discipline of education more than 50% of admitted students achieved
competitive scores exceeding 80%.
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Figure 3.1 Competitive Score of Admitted Students by Discipline and Aca-
demic Year
The number of students in each major is not equal, and these numbers also differ
from one academic year to another. The figure 3.1 shows the distribution of students
according to the competitive score, regardless of their counts. As it has been stated
before, the subject weight differs within majors, for example mathematics subject
has more weight in the competitive score in Engineering than Education.
Transfer between disciplines is possible when students meet transfer require-
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ments in terms of required admission grades and vacancies in the aimed major and
institutions. In some cases such movement may not be possible due to the major
requirements. For example, medical students may move to engineering or even to ed-
ucation, but the opposite is rarely true due to the high requirements in the Medical
discipline. In other cases the funding status may affect transferring students within
the same institution or even between institutions, because of the different tuition
costs in each institution. Regardless of the requirements and cost of the program,
there is also another factor that affects students moving to another discipline or
even to a different institution, which is the study time period. The duration of each
study program differs according to the different institutions and disciplines. Thus,
the transfer of students is possible under certain regulation to ensure an appropriate
learning environment and students are motivated to succeed.
This section reviews the strength of the competition in four major disciplines.
It is known that major of medicine requires a high score in school subjects, which
means scoring a mark greater than 90% in the specialised subjects. While the other
disciplines are subject to the supply and demand base, which may contribute to the
increase in admitted competitive scores or may lead to a decline. However, over a
five-year academic track, there is a fairly stable level of admission rates in these dis-
ciplines. Perhaps this is due to the stability of the size of higher education after the
royal directives in 2011. These data will later reveal the impact of admission policy
in terms of determining the conditions and number of students in each program on
the movement of students within the educational system. To this end, two main
subjects were chosen: Education and Engineering.
When talking about students flows in the education system, the intention is to
examine transition from one academic year to the next year of the study program,
and may also be changing the case of the student from active student to postponed or
even withdrawal. From the overview of disciplines, it can be seen that the transitions
possible may vary according to the properties of each discipline. Completing the
program requirement changes the students status to graduate status. More detail
on defining student status is in section (3.10.4.1).
3.3 Modelling Student Flow
Modelling student flow is useful in enhancing education policy, (Brezavšček,
Bach, and Baggia 2017), and can be used as an indicator to detect obstacles in
student progression toward graduation, (Shah and Burke 1999). The model can
be used, also, to forecast the number of graduates in a given year, which can be
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used thereafter to predict the potential misalignment of graduate supply and labour
market demand for graduates (Shah and Burke 1999).
Assuming that the employment rates in a certain discipline are 300 graduates
annually, while the outputs of this discipline annually are 320 graduates. In such a
case, there are a difference of 20 graduates who will search for a job for an unknown
period. In the event that employment and graduation rates continue at the same
rate, the number of graduates will accumulate in an ascending manner, which would
create a vast difference between the supply of jobs and the number of graduates
applying. The opposite situation is possible when the number of graduates is less
than the number of offered opportunities in the labour market.
Further, it can be used to aid decision makers in the Higher Education sector
through predicting the number of students from enrolment till graduation, which
can be used thereafter to detect potential consequences of any possible change in
admission policy, in terms of the number of enrolled students in each year of study
programs. For example, it will be useful to predict what could happen (in number)
if admitting more students in a demanding discipline (best scenario all graduates
will be employed), or what consequences can be experienced if there is continued
admission of students to a discipline that has high unemployment rate (worst case
increasing the number of unemployed graduates). Indeed, determining the number
of seats is a government task, but there is a need to consider individual student
desire. Student enrolment in a certain discipline is due to their high school score and
desired course of study. For example students with high scores can go to medicine,
engineering and science colleges, but students with low scores can go to technical
colleges in best cases or to vocational colleges if there is no other place to enrol
in. Student desire needs to be taken in account when allocating students to higher
education seats. Decision makers need to be able to modify admission conditions to
accept more or less students accordingly.
Modelling student flows is needed in HE to manage different aspects of HE pro-
cesses from enrolment till graduation. Such modelling may clarify the system struc-
ture, functionality and outcomes for decision makers. Modelling student movement
in the HE system is needed to facilitate understanding of students’ pathways through
the system. For example, determining retention and attrition rates throughout the
system would aid decision makers by providing relevant indicators for improving
and managing the HE system in terms of size and discipline.
Modelling student flows has been under study for long time. Most of studies in
the area of (modelling student flows) aim to understand students movement from
one state to another, in order to detect the needed period of a student in a particular
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major to progress to the next level until graduation or in some cases till dropping
out. The obtained information on progressions can be used by decision makers to
improve HE policy in terms of admitting numbers of school graduates in various HE
disciplines, ensuring that the desired number of graduates are produced at a given
time to meet demand for graduates.
In the literature, the term student flow, or in other words student transition,
tends to be used to refer to student movements to, from and within educational
systems, but in this chapter it is the movement from one level (year, semester or
obtained credit hours) of study to the next level as defined by Trigwell (2017). Such
movement includes enrolment and return of students as an inflow to the system. It,
also, involves student progression in successive years of study, which usually ends
with graduation and obtaining the required qualification. Unfortunately, in some
cases, students may have obstacles in completing studies such as subject failure
or withdrawal, which results in either the postponement of study or leaving study
in the worst cases. Therefore, the study of the movement of students within the
educational system is an important element in the decision-making process and the
modification of existing policies in the admission of students or even locating budget
of scholarships in each institution6.
Student flow also includes the movement of students between majors. The
ecosystem model was used to model a complex system of higher education (Lord
et al. 2019). Student movement may vary between movements within a single edu-
cational institution, between disciplines, or between sub-disciplines. In this manner,
(Lord et al. 2019)defined the success by graduating in the same discipline/sub-
discipline or educational institution, and used the term of stickiness to indicate the
outcomes of interest to different levels of stakeholders. Levels of stakeholders can be
seen as a head of a department or a dean of a college. Stickiness results indicated
the number of students who graduated in the same discipline/sub-discipline or in
the same institution, and showed student transitions within one discipline as well as
within one institution.
Many scholars hold the view that modelling student flow is beneficial to plan-
ning Higher Education in various aspects. Firstly, optimising educational policy
by using the outcomes7 of modelling student flow (Brezavšček, Bach, and Baggia
2017). Secondly, by predicting future supply of graduates in terms of gender, age
and discipline, (Shah and Burke 1999). Such prediction can be used thereafter to
find potential mismatch in the number of graduates and the number of the available
6Financial aspects of students flows is not involved in this study, it may be considered as a
future research.
7e.g. students’ progression from one year of study to the next one, the expected time spent at
each year of study and the expected time to complete a degree
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vacancies for them (Shah and Burke 1999). Thirdly, preventing academic obstacles
(such as drop-out of a study, taking long time to finish a study and obtaining low
grades) to avoid potential cost by developing the academic programs to be more
flexible when it is needed (Fiallos and Ochoa 2017) or even by guiding vulnerable
students who have such obstacles to transfer to another study program (Alawadhi
and Konsowa 2010).
Modelling student flow has been conducted by using a number of statistical and
mathematical methods. Variation in methods may be because of differences in data
available in terms of covered years and data structure (individual or aggregate) or
because of the aim of modelling students in each study. It worth mentioning that
modelling student flow involves student attrition in educational systems, which is
a major component in modelling student flow, as it indicates the system strength
to keep students retained. In this regard, the published report by the Australian
Learning and Teaching Council published (King et al. 2011) explored the reasons
that drive engineering students to drop out of the study. Three key reasons behind
engineering students decided to leave the study; lack of commitment and passion
for engineering, lack of academic progress, and lack of engineering programs to
meet students’ expectations. The report suggested 25 recommendations to reduce
dropout rates (refer to (King et al. 2011) for full list), based on several interventions
which include admissions processes, improvements to first-year curricula, bridging
pathways, peer mentoring, and the increasing deployment of active learning.
Before going further on the methods used to model student flows, the next
sections examines the source of data and the common types of data structures which
have been used to model student flows within HE followed by methods of analysis
used to model student flow.
3.3.1 Omani Higher Educational Statistical System (HESS)
Transitions can be examined by using student data, which can obtained from
the Higher Education Statistical System (HESS)8. HESS was established in 2009 to
provide researchers and decision makers with a comprehensive database regarding
Oman’s Higher Education sector. The academic year 2009/2010 was the starting
point for the system in collecting and publishing data and indicators of Omani
Higher Education. Most, if not all, official entities and governmental offices pub-
lish data at only aggregate level (macro data) rather than individual level (micro
data). They prefer to provide data in an aggregate structure in order to ensure data
8HESS is accessible via www.heac.gov.om
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confidentiality and privacy. Therefore, the data for analysis in this chapter on the
exploration of transitions comes in an aggregate structure.
3.3.2 Types of data used to model student flows
The most important element when modelling student flows within HE is the
availability and accessibility of the data needed in the analysis. Note that data
availability does not necessarily mean accessibility, as some institutions do not grant
access to their data and this will have implications for providing information for
decision makers or for creating a system of analysis to produce information for
decision makers.
Further, there are three types of data structure each has its own properties and
use. These include individual data or in other words micro-data, aggregated data
which is so-called macro-data, and the third type, simulated data. These data may
be described as follow:
(1) Individual Data Micro data is the type of data that has full information of
individual movements of students, (Dent and Ballintine 1971). This type of data
structure provides an easy way to model student flows, and in most of the cases the
data obtained from the academic division of student registrar and records in each
institution.
(2) Aggregate Data Due to data confidentiality, institutions may not grant ac-
cess to individual data, rather they provide data with an aggregated structure. Such
data provides incomplete information on individuals. Providing the data in aggre-
gate structure can be due to the lack of available data. In this type, the information
is incomplete and complicates modelling student flows. In such cases of incomplete
information of student flows, estimating the transition probabilities becomes diffi-
cult (Dent and Ballintine 1971; Kalbfleisch and Lawless 1984). For example in the
higher education system, at any time there is a number of students in each year of
study. Each student has different possible paths, as they can move to the next year
of study, repeat the year, leave study, postpone it or move to another institution.
The aggregate data seems feasible, but due to the aggregation form of the data, it
is not possible to know for example which student from the last year will repeat the
year and which one of them will move to graduate. Such information is not available
in the aggregate form of the incomplete data.
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(3) Simulated Data There are also other cases where obtaining the required data
is not possible. In such cases, researchers usually simulate the required data for the
analysis. Reviewing the literature shows that simulated student data is used also to
capture complex behaviour of student movements within the HE system (Saltzman
and Roeder 2012).
3.4 Methods Used to Model Student Flow
The unavailability of data in individual structure, has resulted in the emergence
of more than one way to address problems. Various methods have been used to
model student transitions within the educational system.The following sections out-
line common methods used in modelling student flows, namely survival analysis,
data mining techniques and Markov chain modelling.
3.4.1 Survival Analysis
Survival analysis is used commonly in the Health industry to investigate the
time between two event such as death and occurrence of a disease (George, Seals,
and Aban 2014). It has also been used successfully to model physics student flows in
a Brazilian university (Lima Junior, Silveira, and Ostermann 2012). The obtained
model was used to predict the most likely time of student attrition or occurrence
of student drop-out and when students were going to graduate. The model also
involved finding the main factors that are linked to students retention. Using survival
analysis to model students flow shows interesting results in terms of estimating the
period of time before drop-out or graduation. This event is only one part of the
proposed study as there is a need to consider more than two events, transitions
through several years of study in addition to the graduation event and the potential
number of students who are likely to experience this event.
The survival analysis method is appropriate when the aim is to find and analyse
the expected time until the occurrence of an event, but the aim of this chapter is
to find more than the event by finding the probability of moving from one state
to another and the expected time spent by individual in a certain state. Adopting
survival analysis in a part of the analysis is possible, as one can consider each
transition as an event. However, this can be complicated as there is a need to have
an event for each transition (transitioning from one year to another, transitioning
in/out the education system and transitioning to graduate). So, survival analysis
does not seems to be appropriate for the analysis in this chapter, rather the survival
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analysis method will be used on analysing the time until first employment next
chapter.
3.4.2 Data Mining Techniques
Data mining techniques have been used widely to cluster and group students
according to a range of input variables. These groups can then be tracked with
follow-up observation of students during a certain time of study (such a semester,
an academic year).
Another DM technique is the Association rules, which has been used in con-
junction with clustering analysis to assess student flows in HE (Qaddoum 2008).
The method was implemented by grouping students into homogeneous groups ac-
cording to predefined criterion functions to measure student similarities. Following,
grouping an assessment of student flow was undertaken by using the association be-
tween a number of factors such as high school grade, taking summer courses, getting
guidance to select study modules and satisfying the study prerequisites.
The association rule method seems reasonable for grouping of students and for
finding the association rules that linked to student progression, identifying groups
likely to succeed is of a great interest to decision makers but to address the proposed
research questions in terms of modelling student flow, and its relevant results such
as the transition probabilities and the average time spent in each year of study,
Markov Chains seems a better choice of method due to its property of being able to
capture student movements within multi-states in the educational system.
To sum up, two parts determine the appropriation of a method to model student
flows. The first one is the aim of conducting the proposed study and the second one
is the data availability for analysis. At this stage, MC seems to be a better choice
to obtain the required result out of the data available in the Omani HE system
than the survival analysis and data mining. The proposed study seeks answers for
research questions to more than just finding how long it takes a student to leave
the education system, which suits the survival analysis method and individual data.
The thesis seeks to model several events.
3.4.3 Markov Chains (MC)
Markov chains modelling (MC) is one of the main research methods for modelling
educational systems in either stages of school education or tertiary education. The
early work of using MC in educational context was in 1963 by Gani, who applied this
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method on Australian University system to predict the number of enrolled students
and the number of graduate students in the system (Osagiede and Ekhosuehi 2013).
The uses of MC vary depending on the purpose of study and type of data used
to achieve the proposed study’s purpose. The Markov chain developed and named
after the Russian mathematician Andrei A. Markov in 1905, is a type of stochastic
model, which assumes that events depend only on the present and not on historic
data (Markov Property9), (Hayes et al. 2013).
Most of the reviewed literature relies on the work of Bartholomew, Forbes, and
McClean (1991) and Bartholomew (1979) as two of the main references in planning
for human resources. They used different types of Markov chains models in planning
human resources. The concept of Markov Chains (MC) has been used widely in
solving different problems involving movement or change from one state to another.
For example tracking career progression such as promoting an employee to a new job,
or moving from an employment state to a retirement state as has been undertaken
to achieve strategic goals in the US army (Zais and D. Zhang 2016). It has been
used extensively in different aspects of human resource planning. For example,
manpower planning in the military service involves the planning of the workforce
having a significant impact on the functioning of the military sector in terms of the
force size and promotion procedures. MC has been applied in Slovenian army to
predict the future size of its segments, (Škulj, Vehovar, and Štamfelj 2008). The
application of MC has also been used inthe marketing industry to model customer
relationships to the lifetime value (Pfeifer and Carraway 2000). MC has also been
used to predict the turnover of Nurses in Taiwan resulting in recommendations
regarding the retention and promotion for nursing staff by providing in-site training,
giving a bonus according to the service years, extra bonus in case of nursing shortage
and giving an official support to nursing staff (Tsai, Y.-L. Li, and Chung 2014).
These are just a few examples of the uses of MC in practical life and there is no
doubt that there are many other works in this active field that may differ in their
objectives and in the methods used to apply them and the quality of the data used
in the analysis. This type of model becomes of a particular interest in the education
sector, where there is an interest in observing student movement from one level a
year to another.
MC in education has been used to estimate student transitions in Australia, pro-
viding results on the movement of students in terms of the probability of completion
of a study program and the estimated time to obtain it in addition to the duration
spent by students in the educational system, (Shah and Burke 1999). The data
9Markovian Property is that the future state of a process relies only on the recent data, Tran-
sition between multiple states can be described by either Markovian or Non-Markovian.
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used in the work of Shah and Burke (1999) was in aggregate form, which is to some
extent similar to the data structure of the thesis. They were able to use student
age, which contained the aggregate number of students in each year of indicated age
(from under 18 to over 34) as a part of computing the transient states, and this al-
lowed developing the transition probabilities matrix. Other variables were included
such as gender, major, year of enrolment and year of completion. Likewise, MC
has been used in the Kuwaiti context (Kuwait University), but they used student
individual data of one cohort rather than aggregate data like Alawadhi and Ahmed
(2002). In 2007, MC was used on one faculty at the Kuwait University to investigate
student transitions in Faculty of Science and they found that by using MC to model
students flows, the probabilities of transition to the next level of study increases as
students progress to the next level (Alawadhi and Konsowa 2007). This is consistent
with higher drop-out or failure rates in the first years of study. The average time to
complete and drop-out were also estimated. Again, in 2010 the same authors used
MC to descriptively compare student transition in different disciplines. In general,
the results suggested differences in the movement of students between different disci-
plines. For example, researchers pointed out that on average science students spend
more time in the system than art students. These works examined the expected
outcomes which are similar to those of the proposed study in terms of estimating
student transition probabilities, average time to complete a study, drop-out rate,
gender differences and differences between disciplines (Alawadhi and Ahmed 2002;
Alawadhi and Konsowa 2007; Alawadhi and Konsowa 2010) .
Through the use of MC modelling, it has been possible to draw a number of
indicators and results of student flows within educational systems, in addition to
studying the factors that may affect such movement. The literature reveals vari-
ous results are obtained by applying MC in the education context. These results
are characterised as applying MC on individual data of students. The outcomes
included:
1. Probability of graduation (Brezavšček and Baggia 2015).
2. Probability of drop-out (Brezavšček and Baggia 2015).
3. Probability of progression to the next state (Alawadhi and Konsowa 2007;
Brezavšček, Bach, and Baggia 2017).
4. Average retention rate at each state (Alawadhi and Konsowa 2010).
In addition to the previous results as well as predicting future enrolment (Brezavšček,
Bach, and Baggia 2017; Rahim, Ibrahim, and Adnan 2013a), another result is the
average time spent in the education system, which would be lower than the esti-
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mated average time of completion (Shah and Burke 1999), due to students who leave
the system before completion. It should also be noted that the use of discrete event
simulation model allows finding the expected time to obtain a degree (Saltzman and
Roeder 2012; Fiallos and Ochoa 2017).
The use of MC in the education sector in Oman is proposed because of the
structure of the data, and the desire to track students from one state to another.
Markov Chains are used to model transitions between different states in a closed
system, where each transition has a probability of moving from a state at time t to a
new state at time t+ 1 (Frigessi and Heidergott 2011). Students entering any given
year of study in the HE sector have a finite set of outcome states. The first one,
which is an important component in examining graduation, is student transition
from one year of study program to the next year (student progression). The second
type is student transition between disciplines. Although students can move from one
major to another, they remain in the system not leaving to absorption states (such
as drop-out or graduation). Due to data insufficiency on such transfers, this type of
transition is excluded from the analysis. In the event of having sufficient data on
student transition between majors, it will be important to include such transitions
as it will show a sign of transition’s impacts on student’s progression in terms of
transfered credit hours and remaining years of study. The third one is the transition
between Higher Education institutions, which is clearly stated in student data, as
a state of student transition. Despite the availability of data related to student
transition between educational institutions, the available data does not indicate the
targeted institution to which the student is transfered nor the year of study in which
the student would be placed. Such a lack of data can be identified in aggregate form
in HESS, and even in such a form of data, can be added to the system as a form
of student transition. The status of insufficient data can be managed by defining a
new absorbing state (outcome state) in addition to the absorbing state of leaving
the system without completion (drop-out state). The new state would be called
Leaving Temporarily to indicate such transition. It is known that the students left
the institution to go to another institution, but return date and to which institution
are unknown in spite their remaining in the system.
Data play an important role in student modelling. The available analysis tech-
niques for a particular data structure may not be valid for another structure. The
literature indicates that most researchers model the movement of students within
an educational system or institution where in they are employees of the institution,
which helps in obtaining data which has individualised structure. For example,
(Alawadhi and Konsowa 2007; Alawadhi and Konsowa 2010; Rahim, Ibrahim, and
Adnan 2013a) randomly sampled students during a certain number of academic
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years (or semesters), which made it easier for them to track these students from ad-
mission till leaving the education system by dropping out or by graduation. Other
researchers obtained the data directly from the department of student records, which
gives a good opportunity to recieve actual and accurate individual data of student
flows (Walde 2019; Brezavšček and Baggia 2015; Brezavšček, Bach, and Baggia 2017;
Crippa, Mazzoleni, and Zenga 2016). However, such ease in getting the data in in-
dividual structure may not always be possible due to several reasons such as data
privacy, confidentiality and incomplete data. In this case, the data is available in an
aggregate structure where the data are presented in a total rather than individual
records for each student movement. An example of this type of aggregate data is
the work of Shah and Burke (1999), as they model student flows by using aggregate
data.
In order to apply Markov chains, there are a number of assumptions made by
researchers in order to come up with the best possible results from the modelling of
student movement. All of these assumptions were characterised by their focus on
making certain assumptions about the movement of students within the educational
system. Different assumptions have been made regarding student shifts in the edu-
cation system. For example, it has been assumed that students in the first and the
second years of study can proceed to the next year or repeat the year, while students
in the third year can either graduate or enrol into the candidate year (Brezavšček,
Bach, and Baggia 2017). Another assumption used assumed that senior students
struggle to graduate, and the model processes begin in a transient state and end
in an absorbing state (Alawadhi and Konsowa 2010). Similar assumptions about
the possible transient states to explain student behaviour in the educational system
have been used by other researchers (Brezavšček and Baggia 2015; Saltzman and
Roeder 2012). Another important assumption is the time homogeneous or station-
ary in other words, where the probabilities in MC remain unchanged as the time
proceeds (Osagiede and Ekhosuehi 2006; Walde 2019).
Different data types, aggregate or individual and different assumptions regarding
stability, stationarity and homogeneity may lead to different variants of MC esti-
mation techniques, such as non-homogeneous fuzzy MC, discrete event simulation
model, discrete time absorbing MC, embedded MC.
3.4.3.1 Non-homogeneous fuzzy MC
Non-homogeneous fuzzy MC has been used to capture the complicated be-
haviour of student flows in Italy as each student followed their own path toward
graduation (Crippa, Mazzoleni, and Zenga 2016). This type of MC contains two
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properties of the system states. The non-homogeneity indicates that the transition
probabilities are not independent of the time t. That means the transition probabil-
ity pi,j at time t is different from pi,j at time t + 1. The fuzzy property is assumed
when the precis values of system states can not be afforded due to the unavailabil-
ity of sufficient information (Symeonaki and Kalamatianou 2011; G. Li and Xiu
2014). For example, in Greek, students can move to the next year of study without
passing all subjects, which made a confusion on the precise state of those students
(Symeonaki and Kalamatianou 2011).
3.4.3.2 Discrete Event Simulation Model
An alternative approach to modelling complex student behaviour has been
through using a discrete event simulation model, in US (Saltzman and Roeder 2012)
and in Ecuador (Fiallos and Ochoa 2017). In this modelling, student movements
are simulated and then the output data is analysed.
3.4.3.3 Discrete Time Absorbing MC
The majority of the reviewed articles on developing a MC used a discrete
time absorbing MC, (Alawadhi and Konsowa 2007; Alawadhi and Konsowa 2010;
Brezavšček, Bach, and Baggia 2017; Shah and Burke 1999; Osagiede and Ekhosuehi
2006; Rahim, Ibrahim, and Adnan 2013a; Walde 2019). This can be linked to the
structure of the academic nature of the data as the data been collected in a discrete
period which can be either an academic year or a semester. The absorbing term
indicates that when students enter the system will leave the system by reaching one
of the absorbing states (drop-out and graduation).
3.4.3.4 Stationary Versus Non-Stationary MC
Transition probabilities in MC, have been assumed in most of the literature to be
stationary, which is according to (Osagiede and Ekhosuehi 2013) not true in practice.
Satisfying the stationary distribution assumption means the Markov chains in the
long term regardless the starting point will be approximately the same. To clarify it,
arriving to the stationary distribution can be obtained by multiplying the transition
matrix by itself until the transition matrix remains constant (convergence).
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3.4.3.5 Absorbing Markov Chains Model
(Uche 1978) in his model assumed that “the transition probabilities at time t is
growing at compound interest rate”. And he used the absorbing Markov chain model
to model students’ movement, beside using the fundamental matrix to estimate the
cost of education. In his following work absorbing Markov chains were used to model
the demand and supply of teachers in Nigeria(Uche 1978). The research investigated
the prediction of new enrolment and the proportion of graduates.
3.5 Estimating Transition Probabilities
Along with different data types and assumptions of MC there are different es-
timation techniques. The main component of MC is the transition probabilities
matrix, which describes the transition from one state at a certain time to another
state at the next time. Rows in the transition matrix denote the states at time (t),
while columns denote the states at time (t+ 1). In this case the educational states
would be a number of years of study equivalent to the average length of a certain
study program (five years in average for a bachelor degree) and the absorbing states
where students who entered will not go back to the education system, that is grad-
uation and drop-out states. Another matrix, which is called the frequency matrix
has the same structure as the transition matrix. The frequency matrix is indicated
here because of its usage in obtaining the transition matrix in some methods.
The literature shows different methods used to estimate the transition probabili-
ties; estimating by dividing by the relevant row total, maximum likelihood estimator,
cohort-components, and least squares methods.
3.5.1 Estimating by Dividing by the Relevant Row Total
Apart from Shah and Burke (1999) work, most of the studies on using MC
to model student flows estimated the transition probability matrix by dividing the
number of transitions in each state by the total row number of transitions in all
states, (Alawadhi and Konsowa 2007; Alawadhi and Konsowa 2010; Rahim, Ibrahim,
and Adnan 2013b; Rahim, Ibrahim, and Adnan 2013a; P. D. Adams, Tran, and
Giesecke 2015; Brezavšček and Baggia 2015). The first method is used by dividing
each value by its equivalent row total to evaluate the transition probabilities matrix.
To use this method requires a frequency matrix of the number of students in each
state at a time (t) and the number of students in each state at a time (t + 1),
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(Brezavšček, Bach, and Baggia 2017; Brezavšček and Baggia 2015; Rahim, Ibrahim,
and Adnan 2013a; Alawadhi and Konsowa 2010).
A variant of this approach occurs when researchers use the number of transitions
occurring between states instead of the number of students to calculate the transition
matrix by dividing each row value by the row total, (Adam 2015; Alawadhi and
Konsowa 2007). This is exemplified by the work of (Alawadhi and Konsowa 2007),
when they sampled randomly 250 students and then defined the concept a piece of
transition10. Then, the matrix of transition probabilities is evaluated by dividing
the number of piece of transitions in each state at time t + 1 by the appropriate
row total at time t (Alawadhi and Konsowa 2007). Then, the analysis continued by
focusing only on a group of student who have been admitted at the same time, and
then tracking their flows through the Higher Education system. However, the thesis
needs to consider the entrants11 to the system as well as the number of students
who leave the system without qualifications 12 and with qualification as graduates.
The methods of dividing by the row totals is appropriate only in the case of data
available at micro-level. Consequently, this method of estimation on macro-level
data does not work properly.
3.5.2 Maximum Likelihood Estimator
Another method to estimate the transition matrix is Maximum Likelihood Es-
timator (MLE) (M. Nicholls 2009). With individual data the maximum likelihood
estimator is typically used. This method has been used to estimate the transi-
tion probabilities of the undergraduate students in the Faculty of Business at the
Swinburne Institute of Technology (M. G. Nicholls 1983). The obtained probabil-
ities were used to produce useful information in terms of attrition and completion
rates and the transition between states as well. Continuing the use of MLE to esti-
mate the transition probabilities, MLE was applied to investigate and plan doctoral
programs (DBA) in the Australian context (M. Nicholls 2009). In this work, the
obtained model was used to estimate the number of needed supervisors in conjunc-
tion with the annual number of admitted students to the programs (M. Nicholls
2009). The use of MLE to estimate Markov transition probabilities can be found in
other areas (Ailliot and Pène 2015; Orguner and Demirekler 2008; Damerdji 1996;
Ammicht and Wenzelburger 1982) rather than modelling students flows, but this is
out the scope of the proposed study.
10A student produces one piece of transition for each semester he/she studied.
11Entrants: New, Returning and Transitioning Students to the institution under study.
12Students may leave the system temporarily (postpone) or permanently (left-study).
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The MLE and use of transition matrices methods have relied on individual data
to estimate the transition probabilities. Having only aggregate data makes it diffi-
cult to estimate such probabilities, Kalbfleisch and Lawless (1984). This is agreed by
Shah and Burke (1999), as they claimed that estimating students transition proba-
bilities requires more data than aggregated data to conduct such analysis of students
movement.
3.5.3 Cohort-Components
To overcome the difficulty in obtaining the required information from aggre-
gated data, researchers have used two different methods. For example, the cohort-
components method was used to estimate the transition matrices from an aggregated
data of two years only (Shah and Burke 1999). The idea behind this method is to
model population flows by counting a particular population twice; one at the begin-
ning and one at the end of a certain period of time. Then, a comparison between the
number of students at a certain age in a particular stage of studying is made with
the number of students of the following year of age at the next stage of studying.
Then, the transition probability is estimated by using the ratio of the second number
to the first number (Shah and Burke 1999). In the study by Shah and Burke the
field of the study was the main factor used to model student flows, with a unique
model for each discipline, with further estimation based on each gender to detect
any possible variation between males and females.
The use of this method in the proposed study is not possible due to the aggregate
nature of the data available. Additionally, the age variable in the proposed data is
available only in a class form, which makes it difficult to apply this method. This
method is mentioned here as a model of the possibility of using aggregated data to
estimate the transition probabilities.
3.5.4 Least Squares Methods
The literature shows that using the Conditional Least Squares model to estimate
the transition probabilities for simulated data shows that model can work properly
on aggregated data (Kalbfleisch and Lawless 1984; T.-C. Lee, Judge, and Zellner
1970). However, when it comes to analysing real data, there are difficulties as the
diagonal probabilities are bit higher in comparison with other transition probabili-
ties. Having such high diagonal transition probabilities would indicate that there is
a large proportion of students who remain in the same study year after one calendar
year (repeating the year). Adding a constraints to the conditional least squares, to
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some extent fixes the problem. The constraints on estimating the transition prob-
abilities are that total of row probabilities must not exceed 1 and each transition
probability must be positive (greater or equals to 0).
According to the best knowledge of the author, this method has not been used
to model student flows as most of the researchers did not need to use aggregated
data because of their work at the same institution under study. This method (CLS)
is adopted in this study and is illustrated in detail in the method section.
3.6 Statement of the Problem
The target population of this study is Omani students at the undergraduate
level, especially those who are in funded seats in Higher Education, that is they are
either in a public seat or hold a scholarship to complete their studies. The study in
this chapter takes a place in the context of modelling students movement from school
education to the tertiary education and then to the labour market. It will involve
estimating the number of current students in each discipline in tertiary education
in a given year in addition to the possible number of graduates in a given year.
Progression within HE is the stage following the admission of students into HE and
this is followed by graduate transition to the labour market. Investigating student
progression is conducted by calculating the probabilities of students transition from
one year of study to the next year determining the time needed by a student to gain
a degree and the probability of students completing their studies or even leaving the
study without the required degree.
Investigating student transition within Higher Education is useful in providing
a valuable resource of information in planning Higher Education in terms of funding
Higher Education seats, allocating students to a study program or even to a certain
institution. It is, also, important to decision makers in Higher Education in terms
of observing the number of students in each year of study and how they progress,
the time students spend until obtaining a degree and the demographic features of
students as they relate to time taken. Such kind of information can be used to
determine the number of students admitted in the following year. To understand
this modelling it is firstly necessary to identify the specific research objectives and
any assumption regarding the data.
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3.7 Research Objectives
This chapter is proposed to accomplish a number of objectives in modelling
students flows. These are as follows:
1. Develop a MC model to examine students transitions by using available ag-
gregate data.
2. Examine student transitions within the HE system in terms of time needed
and probability of moving from one state to another. This involves the time
needed to complete a degree.
3. Investigate students absorption out of the system (graduation, drop-outs and
temporary leave) in terms of the probability and the period till absorption.
4. Examine the difference between disciplines in terms of student flows.
5. Examine gender differences in student flows within disciplines.
6. Develop a model to predict the number of students in each year of study
program at a certain point of time. The model will include, also, the number
of graduates, postponed and withdrawn students.
7. Better define the information needed by policy makers to enhance the admis-
sion policy.
Achieving these objectives will have a significant influence on aligning graduates to
the labour market, and will give the decision-makers the opportunity to experience
the potential consequences of any modification on Higher Education admission.
3.8 Study Significance
This study provides an exciting opportunity to advance our knowledge on mod-
elling student transitions using only aggregate data. According to the best knowl-
edge of the researcher, no such study has been conducted in the Omani context to
model students transitions within Higher Education.
The literature did show that in spite of various work on modelling students tran-
sition by using individual data (Alawadhi and Konsowa 2007; Alawadhi and Konsowa
2010; M. Nicholls 2009; Rahim, Ibrahim, and Adnan 2013a; Rahim, Ibrahim, and
Adnan 2013b; Brezavšček and Baggia 2015; Brezavšček, Bach, and Baggia 2017),
there was limited number using aggregate data to model student flow.
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The only work found modelling student flows by using aggregate data was lim-
ited to the data of two academic years to generate transition probabilities (Shah
and Burke 1999). The author used a number of research databases to find any pre-
vious work related to the use of aggregate data to model student movement, but
none were found except (Shah and Burke 1999). The keywords used in the search
fields (Article title, Abstract, and Keywords) are model, student, flow, transition
and (aggregate OR macro) and data. The databases used were Scopus, Eric and
Google Scholar. However, it may worth mentioning that, even (Shah and Burke
1999) did not appear in the searching result (at least in scopus) due to the absence
of aggregate in the search fields of this article.
The proposed study differs from the other studies in terms of the data used being
in aggregate rather than individual form (Alawadhi and Ahmed 2002; Alawadhi and
Konsowa 2007; Alawadhi and Konsowa 2010). In this work it was possible use
individual data because their work was in the same institution under study, this
option is not available in the proposed study due to the availability of the data
as aggregated in the Higher Education Statistical System. However, the suggested
method by Shah and Burke (1999) also can not be used due to the different nature
of the aggregate data in the Omani HE system. Even though data is aggregated it
may differ in the form of aggregation, for example instead of using student age as a
base for aggregation (Shah and Burke 1999), someone could use the year of study
as a base of aggregation as in the proposed analysis in this chapter.
In this study, the conditional least squares method (CLS) is adopted and used to
estimate the transitions probabilities on the aggregate data rather than a proportion
method on individual data. The method (CLS) has been used in different disciplines
apart from education, when for example Kalbfleisch and Lawless (1984) applied the
method on aggregate data of market shares to examine the least-squares estima-
tion of MC transition probabilities. While Shah and Burke (1999) used cohort-
component method to estimate MC transition probabilities in aggregate data of
only two academic years.
3.9 Modelling Omani Student Flows in HE: As-
sumptions
In order to model student flows in Omani HE several assumptions are made:
1. There are a finite number of discrete states.
a) New, current, graduate students, drop-outs, transfers and postponed.
CHAPTER 3. TRANSITION WITHIN HIGHER EDUCATION 132
b) Some states, due to small number of students in each may be grouped
together.
2. The proposed study uses an academic year as a duration period, and all periods
are assumed equal.
3. Student transition probabilities from one year of study to the next year remain
constant over each one-year period. For example in academic year t the tran-
sition probability from the first year of study to the second year of study was
p1,2, in the next academic year t + 1 the transition probability from the first
year of study to the second year of study would not be changed and remain
the same as in t with a transition probability of p1,2.
Limitations
The data used in this chapter is in an aggregate form (macro) rather than in-
dividual (micro). Such aggregate data structure is used on published data in order
to protect data privacy and confidentiality. However, the data used in this chapter
showed a number of anomalies that will be explained later, and which have been
a challenge to use in order to model the students’ transitions within the educa-
tional system. Due to the data availabilities and anomalies in the statistical system,
this chapter is limited to undergraduate students in either types of funding seats a
scholarship or a public seat in Oman. It should, also, be noted that the period of
time is limited to seven academic years (2009/2010 to 2015/2016) as it was the only
available data in the statistical system during the preparation of this chapter.
3.10 Method
As it has been indicated in the literature review section, many researchers have
utilised proportion probability to evaluate MC transition probability matrix. How-
ever, in absence of individual data, such method is not applicable to be used. Alter-
natively, the Conditional Least Squares (CLS) method will be used. Several terms
need to be identified before estimating the transition probabilities matrix.
This section consists of three parts. The first part illustrate the data used in
this chapter. Then, the model is introduced and the methods used are evaluated.
The analysis takes a place in the third part of the chapter.
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3.10.1 The Data Source
The data used in this chapter has been obtained from the Higher Education
Statistical System (HESS). HESS is an electronic system to collect and publish
the data of HE from all relevant institutions in Oman. The system involves, also,
the data of Omani students who are studying overseas.The system is managed and
operated by the Omani Ministry of Higher Education and was established in 2009.
The system aims to provide a comprehensive database of HE sector in Oman by
collecting data from institutions every three months in each year.
The system involves four data sets. The first one is the data of institution’s in-
frastructure (e.g. number of lecture room, available facilities and so on). The second
one is student data. The student data involve student’s personal information and
their academic information in the HE institution (HEI). The third one is employees
data in each HEI, while the fourth is about the financial expenses and revenues for
each HEI. The proposed study will use only the students data to meet the study
aims of modelling students flows in HE.
The available students data has been extracted from the academic year 2009/2010
which was the first academic year after establishing the system. However, discussion
with HE authorities in Oman indicates that the appearance of errors in the first two
academic years is due to early misunderstanding of the system functionality and a
change in the people designated to enter the data in the system in each HE institu-
tion. As the system progressed in time, the data becomes more accurate. However,
this weakness in data can be reduced by focusing more on the data of the recent
available academic years, which are between 2009 and 2016.
One of the main concern of having such system for a statistical analysis is that
the system provides the data only at aggregated level. Aggregated level is different
from individual level (raw data) in terms of providing the data in a group rather
than as individualised data which allows for each individual. A preliminary analysis
conducted on the data for the two academic years (2014/2015 and 2015/2016) found
that it was difficult to track a particular student through the system, as there are
many students with the same values in the related variables. For example, gender,
discipline and admission year of study. In order to track students then it is necessary
to identify the types of students in the system.
According to HESS guidelines there are several classifications of student status
in the system, which is illustrated in table (3.2). However, it has been noticed from
the data and from the definitions that definitions are connected only to individual
institutions. That means each data entering process in each institution is done
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separately, so student transitions between institutions are not recognised. Each
institution enters the data in a data base, entering the current situation of the
system in terms of the number of students in each year of study, the number of
graduates, the number of those who leave the institution and the number of those
enrolled into the institution. The system defines a transfer from one institution to
another and vice-versa, but does not for example indicate students movement within
the institution from one major to another. This poses a challenge in analyses which
focus on the number of students in each major.
Table 3.2 Student Status
No. Status Definition
1 Newly Admitted Those who join HEI in the current academic year
2 Returning after
postponing
Those who continue their study after discontinuance or postpone-
ment in the last semester of current academic year
3 Student Those who take up more than one year studying in HEI exclude
new student
4 Graduated Those who successfully complete programs of study in any
semester during the current academic year.
5 Left Study Those who left study or withdraw in any semester during the
current academic year
6 Transferred Those who transferred to another institution in any semester dur-
ing the current academic year




Those who began his studies after a period of interruption or
withdrawal during the current academic year
9 Transferred to an
institution
Those who joined the institution as a result of moving to other ed-
ucational institution in any semester during the current academic
year
10 Re-Admission This student has been admitted again to the HEI after being ex-
cluded for certain reasons
A close look at the student data in HESS may give a hint as to what data is
available to accomplish the study. The data chosen for analysis is from the academic
year of 2015/2016. The data covers all 55 Higher Education institutions in Oman,
with different types of institutions as illustrated in table (3.3). In the academic year
of 2015/2016, there were (67,012) active students13 who were in a funded Higher
Education program14 to obtain a Bachelors degree. Female students represent about
65% of all active students in this year. The proportion of male students exceeded
13Active students is the number of students before adding the new and returning students and
after omitting those who graduate or left the system either temporally or permanently.
14Funded programs involve the seat in public institutions and full or partial scholarships or grant
to study in private institutions, Higher Education Admission Statistics 2017/2018.
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the proportion of females in technical colleges only, and this can be attributed to the
nature of the specialities found in these colleges. There is no doubt that the higher
number of females than males in most educational institutions is worth studying,
but this is outside the scope of research in this chapter. External scholarships and
self-funding programs may have different outcomes in terms of gender differences,
but they are not included in this study.
Table 3.3 Active Student Data in 2015/2016 by Gender and Type of Institution
Type of Institution Count Female Male Total
Technical Colleges 7 11328 13827 25155
Private Colleges 21 10657 1976 12633
Private Universities 7 11427 1103 12530
Public University 1 5416 4748 10164
Colleges of Applied Science 6 3455 951 4406
Public Colleges 2 768 269 1037
Nursing Institutes 8 634 132 766
Health Institutes 3 196 125 321
Total 55 43881 23131 67012
While all disciplines were analysed, three disciplines were chosen to achieve
the objectives of the study to demonstrate modelling of the transitions, these are
Education, Engineering and Management and Commerce. Before discussing the
analysis it is useful to address an important point in the nature of the data extracted
from HESS by using the selected majors.
Exploration of the data, which was obtained from HESS, shows that there is a
difference in the number of students who are supposed to move from one academic
year to the next year and the number of students who are supposed to come from
previous academic year. This can be illustrated by tables (3.4 , 3.5 and 3.6). The
tables shows the data of Omani students in HE, who aimed to obtain a Bachelor
degree in Education, Engineering and Management and Commerce.
In education, summing up the number of students coming to the number of
newly admitted, returning and current students (excluding postponed, graduated
and left-study students) in 2010/2011 result in (287 new+2 returning+968 current=)
1257 students who were supposed to move to the following year 2011/2012. Interest-
ingly, in the next year (as in table 3.4) the number of current student before omitting
those who left the system in either ways was (25 postponed+0 transferred+817 grad-
uate+52 left+ 1675 current students in 2011/2012)= 2569 students which was much
higher than the supposed number to come from previous year showing that there is
1312 students who appeared in 2011/2012 but they were not in 2010/2011. Similarly,
in the engineering discipline, but this time the number of students in the following
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year was roughly half the supposed number of students to be in the next year, 5970
and 11056 respectively indicating that there is a number of students who just left
the system without any indication (refer table 3.5). The same is in Management
and Commerce discipline, there were 1878 students who disappeared in 2011/2012
without indicating what happened to them (refer table 3.6).
After meeting with a number of specialists in the field of admission to higher
education in Oman regarding these differences in the calculation of the number of
students during the successive academic years, it is clear that there are errors in
data entry and the presence of errors in updating student status. These errors
are followed by a correction in subsequent years, which may make a gap in such
calculations. Because the collected data is in a composite form, it is difficult to be
corrected smoothly. Therefore, it is important to adopt the national identification
number in updating student data. In terms of entering data to HESS it is important
to clarify for entering data how student status is defined when they enter the system
and the time to update the data.
Table 3.4 Number of Students in Education Discipline by Status
Status/Academic Year 2010/2011 2011/2012 Student Status 2010/2011 2011/2012 Difference
Newly Admitted (NT) 287 418
Coming Students 289 423
-1312Returning Student (RT) 2 5
Current Students (M) 968 1675 Current Students 968 1675
Postponed (LT) 12 25
Leaving Students 432 894 not in 2010/2011
Transferred (LT) 0 0
Graduate (G) 400 817
Left Study (L) 20 52
Table 3.5 Number of Students in Engineering Discipline by Status
Status/Academic Year 2010/2011 2011/2012 Student Status 2010/2011 2011/2012 Difference
Newly Admitted (NT) 869 3511
Coming Students 883 3561
4734Returning Student (RT) 14 50
Current Students (M) 10173 5133 Current Students 10173 5133
Postponed (LT) 152 59
Leaving Students 1295 1189 not in 2011/2012
Transferred (LT) 1 165
Graduate (G) 819 711
Left Study (L) 323 254
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Table 3.6 Number of Students in Management and Commerce Discipline by
Status
Status/Academic Year 2010/2011 2011/2012 Student Status 2010/2011 2011/2012 Difference
Newly Admitted (NT) 1331 3277
Coming Students 1396 3467
1878Returning Student (RT) 65 190
Current Students (M) 6563 4761 Current Students 6563 4761
Postponed (LT) 134 123
Leaving Students 897 1320 not in 2011/2012
Transferred (LT) 61 133
Graduate (G) 413 643
Left Study (L) 289 421
Despite data anomalies, it is still worth trying to analyse and model student flow
in Omani Higher Education System. The data used and described in the following
tables will be for three majors only Education, Engineering and Management and
Commerce within a period of seven academic years from 2009/2010 to 2015/2016.
Male and female data in disciplines will be examined to identify closely the differ-
ences that may occur in both genders.
Disciplines are usually offered in more than one educational institution. These
institutions may differ somewhat in offering these disciplines in terms of curriculum,
study duration, and academic affiliation with other educational institutions. These
institutions may offer more than one discipline, which is preceded by the approval
of the Ministry of Higher Education to launch such discipline.
The Education discipline is taught in five institutions, three of them are private
institutions (refer table 3.7).





Sultan Qaboos University (SQU)
Rustaq College of Education
Engineering is taught in 21 institutions (refer table 3.8). Due to the technical
nature of technical colleges, all of them offer the engineering discipline. Other in-
stitutions such as Caledonian college, International College of Engineering and the
Global College of Engineering and Technology are designated for the engineering
discipline. All universities private and public (SQU)15 teach engineering discipline
beside other institutions.
15Except Arab Open University due to the teaching nature of teaching, only few days a week.
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Table 3.8 Higher Education Institutions Offered Engineering Discipline
Engineering (21 institutions)
Universities (7) TCollege Ibri
Buraimi University TCollege Musanaa
Dhofar University TCollege Nizwa
German University TCollege Salalah
Nizwa University TCollege Shinas
Sharqia University Private Colleges (7)
Sohar University Caledonian College
Sultan Qaboos University (SQU) International College of Engineering
Colleges of Applied Sciences (1) Middle East College
Sohar College of Applied Sciences Oman Maritime College
Technical Colleges (7) Sur Uni College
Higher College of Technology Waljat College
TCollege Ibra Global college of engineering & technology
Management and Commerce is one of the most common disciplines, and as such
it is more likely to be found in various institutions. The discipline is taught in 34
institutions, 22 of them are private institutions (refer table 3.9).
Table 3.9 Higher Education Institutions Offering Management and Commerce
Discipline
Management and Commerce (34 institutions)
Universities (8) TCollege Nizwa
Arab Open University TCollege Salalah
Buraimi University TCollege Shinas
Dhofar University Private Colleges (15)
German University Majan University College
Nizwa University Sur University College
Sharqia University Buraimi College
Sohar University College of Banking
Sultan Qaboos University (SQU) Gulf College
Colleges of Applied Sciences (4) Mazoon College
CAS Ibri Middle East College
CAS Nizwa Modern College
CAS Rustaq Muscat College
CAS Salalah Oman College of Mng and Tech
Technical Colleges (7) Oman Maritime College
Higher College of Technology Oman Tourism College
TCollege Ibra Waljat College
TCollege Ibri Zahra College
TCollege Musanaa International College of Engineering
The statistical system depends on obtaining statistical data on educational insti-
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tutions. Each educational institution enters students’ data into the electronic system
annually. HEAC (Higher Education Admission Centre) then verifies and validates
these data according to certain procedures to ensure the date entered make sense.
In spite of the regular verification and validation of the data entered, errors appear
when linked as a sequence of years. For example, the total number of students in the
system in a certain discipline in a sequence of academic years varies illogically.
The issue of data anomalies can be seen for example in the management and
commerce discipline. After defining the number of students in each status in a
sequence of academic years (refer table 3.10), it is clear that there are a number
of students in each year who in most of the years enter the system from none of
the known status (new and return), or leave the system to none of the known
status (graduate, left temporarily and left permanently). To illustrate, looking at
‘Movers to next year’ and ‘Before change’ rows (refer table 3.10), in 2009/2010 there
were 6,557 students in total (all years of study) who supposed to move to the next
academic year 2010/2011. In 2010/2011, (before the change) before adding new
entrants or omitting leaving students, the number of students were 7,640. This
means there were 903 new students who just appeared in the system without any
identification of where they come from (new or returning students). The typical
situation is that the number of movers to the next year in academic year t should
be equals to the number of students before change in academic year t+ 1, which is
unfortunately not true.
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Table 3.10 Management and Commerce Students by Status and Academic Year
Student Status/Ac Year 09 10 10 11 11 12 12 13 13 14 14 15 15 16
New in foundation year 1045 1096 3111 3571 4620 5197 3981
New in 1st year 57 82 149 567 237 284 404
New in 2nd year 3 5 10 6 1 21 2
New in 3rd year 133 144 12 40 30 14
New in +4th year 2 4 7 8 34 7
Return in foundation year 11 28 44 104 159 438 316
Return in 1st year 3 25 24 68 100 220 280
Return in 2nd year 1 2 9 35 40 105 46
Return in 3rd year 1 5 105 18 20 30 16
Return in +4th year 2 5 8 9 19 8 9
Current in foundation year 54 37 344 764 890 1279 2624
Current in 1st year 2091 2819 1485 3366 5164 4715 4932
Current in 2nd year 1777 1937 1423 2086 3586 5119 4360
Current in 3rd year 851 970 814 1178 1663 3196 3396
Current in +4th year 526 800 695 689 792 898 1159
Graduate in 2nd year 535 166 81 486 693 302 567
Graduate in 3rd year 121 64 57 519 303 282 365
Graduate in +4th year 750 183 505 1698 1123 1591 2019
Left temporarily in foundation year 20 15 74 293 227 646 626
Left temporarily in 1st year 57 83 63 104 99 323 237
Left temporarily in 2nd year 85 42 35 56 79 127 151
Left temporarily in 3rd year 49 40 53 92 64 79 57
Left temporarily in +4th year 7 15 31 63 25 12 53
Left permanently in foundation year 52 67 142 519 530 1095 863
Left permanently in 1st year 34 130 71 200 494 433 461
Left permanently in 2nd year 31 49 107 64 182 124 255
Left permanently in 3rd year 7 17 57 38 27 102 39
Left permanently in +4th year 14 26 44 16 8 5 28
Total 8319 8856 9548 16629 21219 26668 27260
Movers to next year 6557 7959 8228 12481 17365 21547 21539
Before Change 7061 7460 6081 12231 15949 20328 22192
Difference -903 1878 -4003 -3468 -2963 -645
Undefined Entrants Leavers Entrants Entrants Entrants Entrants
Continuing with the same discipline of management and commerce to illustrate
the data anomalies, two tables obtained to indicate the number of current students
and the number of new students in the higher education institutions which teach
this discipline (refer table 3.11 and 3.12 respectively).
A few notes can be seen in terms of the current students in the management
and commerce discipline (refer table 3.11). Firstly, after the year of change (2011),
some institutions have a dramatic increase in the next immediate academic year
2011/2012 such as Buraimi college and CAS Rustaq. Other institutions like Dhofar
University, Modern College, Nizwa University and Oman College of Management
and Technology experienced the dramatic change in the second academic year after
the year of change. Majan University College and Mazoon College took three years
to have a dramatic increase in the number of current students. It is noticeable that
CHAPTER 3. TRANSITION WITHIN HIGHER EDUCATION 141
the number of current students in SQU did not change much except in the last
academic year where the number of current students fell down to 692, which can
not be true as there were 1402 students in one year before (2014/2015) and the
number of new students in SQU was 555 in 2014/2015. Only CAS Salalah shows
a reduction in the number of students in current study. The decrease started in
2012/2013, where the number of students decreased from 449 in 2011/2012 to 221
students in 2012/2013. Variation in these numbers can be due to the data structure
of treating each year separate from other years when entering the data.
Table 3.11 Number of current students in Management and Commerce disci-
pline by institution
Current Students 09 10 10 11 11 12 12 13 13 14 14 15 15 16
Buraimi College 21 26 133 141 222 385 583
CAS Rustaq 160 293 533 620 669 638 579
CAS Salalah 201 405 449 221 205 203 194
Dhofar University 15 18 42 301 493 865 1130
Majan Uni College 64 47 83 79 386 326 494
Mazoon College 17 5 11 26 199 361 348
Modern College 27 48 70 458 460 696 831
Nizwa University 16 32 39 340 473 666 763
Oman College of Mng and Tech 12 24 16 137 138 206 193
SQU 1230 1469 1637 1235 1342 1402 692
Similarly, in the same discipline, the increase in the number of new students
are not the same in all institutions (refer table 3.12). The dramatic increase in
the number of new students seems to happen once in all institutions except Dhofar
university, as the number keeps fluctuating between 200 and 370. Notice the unusual
number of new students in SQU in 2013/2014 and 2015/2016, were three and zero
respectively (refer table 3.12).
Table 3.12 Number of new students in Management and Commerce discipline
by selected institutions
Newly Admitted Students 09 10 10 11 11 12 12 13 13 14 14 15 15 16
Buraimi College 6 23 87 105 202 210 170
CAS Rustaq 165 245 245 219 216 152 166
CAS Salalah 80 298 154 86 95 74 35
Dhofar University 4 17 306 244 370 356 210
Majan Uni College 6 16 15 322 28 11 121
Mazoon College 3 6 76 215 28 55 36
Modern College 16 33 56 62 380 137 115
Nizwa University 19 12 261 551 330 234 100
Oman College of Mng and Tech 5 4 8 9 142 52 49
SQU 455 451 503 509 3 555 0
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From the above tables (3.12 and 3.11), it is clear that the data has anomalies
as it shows illogical data in terms of the current and new students. This was just
an illustration of the types of anomalies in the data. The reasons of these anomalies
is due to two main points. First point is entering process of the data where the
data of each academic year is entered without considering the data of previous year
for validating the data. The other point is the time of entering the data, as it has
been seen the number of new students does not make sense (such as SQU) as the
admission into SQU did not stop in 2015/2016. The typical situation of such data
would have a smooth and acceptable variation in the number of current students,
and the new student data should be roughly fixed number after the year of change
(2011).
3.10.2 Data Type and Quality
Addressing the type and quality of data extracted from HESS is followed by
defining the variables used in the analysis comes next. As it has been discussed
early in this chapter, observing individual student is not be possible due to data
privacy and confidentiality. So, estimating such transition probabilities requires
using data at a macro level rather than a micro level. Then each cell of the data
used consists of two dimensions, i to indicate the year of study and t to indicate
the academic year. The year of study is defined as the student academic year in the
program, which can be measured by the number of passed subjects or the number
of earned credit hours regardless the admission date to the institution16. However,
the data shows that some students graduated with a bachelor degree in the third
year of the study program (the foundation year is counted). This was linked to
a data entry misinterpretation of student transferred-to-an-institution status, as it
was considered a student who was in the second year in their previous institution
and then admitted as a new student in the new institution. So, they would be more
likely to graduate after two years of study in the new institution.
Mt,i represents the number of current students in year i of study in academic year
t. Referring back to tables (3.4 and 3.5) and due to the small number of students
in some statuses, the statuses are combined and re-defined as below. Notice that,
graduation may happen from the third year of study as some students may have a
previous credit from a previous institution, but has been registered as a student in
a first year at the institution17.
16.Document of the Higher Education Statistical System for the academic year 2014/2015.
17It should be clarified that students who transferred to an institution should be registered
according to his obtained credit not to the enrolment year.
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• NTt,i: the number of new students at the ith year of study in the academic
year t. The majority of students are admitted at the foundation year(i = 1),
with a small number in other years of study.
• RTt,i: the number of students returning or transferred to the institution at the
ith year of study in the academic year t.
• Mt,i: the number of current students at the ith year of study in the academic
year t.
• LTt,i: the number of students who leave studies temporarily or transferred to
another institution at the ith year of study in the academic year t.
• Gt,i: the number of students who successfully completed programs of study in
the ith year of study in the academic year t.
• Lt,i: the number of students who leave studies at the ith year of study in the
academic year t.
The data involved in the following analysis examined all disciplines to see which
would suit the MC analysis. The data structure is as in table (3.13).
Table 3.13 Structure of the Used Data
States New Returning Current Leaving Temporarily Graduate Leave
Ac.Year/Status N1. . . N5 RT1. . . RT5 M1. . . M5 LT1. . . LT5 G3. . . G5 L1. . . L5
09 10 (t = 1) N1,i RT1,i M1,i LT1,i G1,i L1,i
10 11 (t = 2) N2,i RT2,i M2,i LT2,i G2,i L2,i
11 12 (t = 3) N3,i RT3,i M3,i LT3,i G3,i L3,i
12 13 (t = 4) N4,i RT4,i M4,i LT4,i G4,i L4,i
13 14 (t = 5) N5,i RT5,i M5,i LT5,i G5,i L5,i
14 15 (t = 6) N6,i RT6,i M6,i LT6,i G6,i L6,i
15 16 (t = 7) N7,i RT7,i M7,i LT7,i G7,i L7,i
3.10.3 The Model
Obtaining a bachelor’s degree in Oman usually takes about five years, but this
period may be prolonged due to students’ academic progress or may be shortened
if (for example) students get granted credit from the previous study. The student
usually begins his academic studies in the foundation year, in which the student
studies some fundamental subjects within this year. Thereafter, students begin the
academic years of specialization, the duration of which varies according to the nature
of the taken discipline. Students may repeat some study years or one semester of
it.
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According to the documented guide of HESS, being in a certain year of a study
program is not linked to the admission year in a HE institution, it is indeed linked
either to the number of completed subjects or the number of earned credit hours,
which is believed to be effectively the same (each subject is worth a certain number
of credit hours). However, the data obtained from HESS did not show this true in
some cases, as there are some students who graduated in the second year of study
program with a bachelor degree, which may take at minimum three years of study
excluding the foundation year. This can be true, according to a specialist in HESS,
in the case of students who completed (for example) a diploma in one institution
and then move to another institution for two years to finish the bachelor degree. If
this is the case it may be better to consider the previously earned credits/subjects,
so transferred students are designated in the right year of the study program.
The steps in completing the Markov chain model include: defining the states,
using the Markov chain properties, estimating the transition probabilities matrix
and then simulating the data by using the obtained matrices.
3.10.3.1 Defining the states
The model in this study uses the following states in order to use a MC model in
investigating undergraduate students flows at Omani Higher Education. The model
consists of five transition states and three absorption states.
The Transition States are:
1: Students are in the foundation year.
2: Students are in the first year of the study program.
3: Students are in the second of the study program.
4: Students are in the third of the study program.
5: Students are in the fourth year or more18 of the study program.
The Absorption States are:
• LT : Students left the study temporarily and they are more likely to return to
any year of the study program.
• G: Students graduated.
• L: Students left study permanently.
These states are transferred to a transition probabilities matrix to describe stu-
dents transitions in the HE system from admission till graduation. pi,j is the student
18There were a small number of students who may are in more than four years of study, so the
number of students in the fourth year of study were combined by those who take more than four
years.
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transition probability from state i at time t to the state j at time t+1. Student tran-
sition probabilities matrix is illustrated in equation (3.21) (refer table 3.14). These
transition probabilities represent the possible movements from one transition state
to another or from a transition state to an absorbing state. For example, students
in the foundation year can transition to the next year of study, or may leave the
study permanently.
There are 22 transition probabilities, which can be written in an equation form
(as in 3.2 to 3.19) to be used later to estimate the number of students in each state
at a certain academic year.
Mt+1,1 = p11[Mt,1 +NTt,1] + εt+1,1 (3.2)
Mt+1,2 = p12[Mt,1 +NTt,1] + p22[Mt,2 +NTt,2] + εt+1,2 (3.3)
Mt+1,3 = p23[Mt,2 +NTt,2] + p33[Mt,3 +NTt,3] + εt+1,3 (3.4)
Mt+1,4 = p34[Mt,3 +NTt,3] + p44[Mt,4 +NTt,4] + εt+1,4 (3.5)
Mt+1,5 = p45[Mt,4 +NTt,4] + p55[Mt,5 +NTt,5] + εt+1,5 (3.6)
LTt+1,1 = p1LT [Mt,1 +NTt,1] + εt+1,LT1 (3.7)
LTt+1,2 = p2LT [Mt,2 +NTt,2] + εt+1,LT2 (3.8)
LTt+1,3 = p3LT [Mt,3 +NTt,3] + εt+1,LT3 (3.9)
LTt+1,4 = p4LT [Mt,4 +NTt,4] + εt+1,LT4 (3.10)
LTt+1,5 = p5LT [Mt,5 +NTt,5] + εt+1,LT5 (3.11)
Gt+1,3 = p3G[Mt,3 +NTt,3] + εt+1,G3 (3.12)
Gt+1,4 = p4G[Mt,4 +NTt,4] + εt+1,G4 (3.13)
Gt+1,5 = p5G[Mt,5 +NTt,5] + εt+1,G5 (3.14)
Lt+1,1 = p1LT [Mt,1 +NTt,1] + εt+1,L1 (3.15)
Lt+1,2 = p2LT [Mt,2 +NTt,2] + εt+1,L2 (3.16)
Lt+1,3 = p3LT [Mt,3 +NTt,3] + εt+1,L3 (3.17)
Lt+1,4 = p4LT [Mt,4 +NTt,4] + εt+1,L4 (3.18)
Lt+1,5 = p5L[Mt,5 +NTt,5] + εt+1,L5 (3.19)
3.10.3.2 Use of Markov Chains Properties
In order to obtain the results of the MC, the transition probability matrix is
presented in a standard (canonical) form, (Brezavšček, Bach, and Baggia 2017;
Alawadhi and Konsowa 2010). The form consists of four parts that together repre-
sent the transition probability matrix P (refer section 3.10.3.1) and (refer equation






Where Q is a matrix of size (k×k) representing the one-step transition between
transient states, where k is the number of transient states which equals five transient
states in this study (refer equation 3.21).
Q =

1 2 3 4 5
1 p11 p12 0 0 0
2 0 p22 p23 0 0
3 0 0 p33 p34 0
4 0 0 0 p44 p45
5 0 0 0 0 p55

(3.21)
R represents the one-step transition from a transient state to an absorption
state, and it is of size k × l where k is the number of transient states and l is the




1 p1LT 0 p1L
2 p2LT 0 p2L
3 p3LT p3G p3L
4 p4LT p4G p4L
5 p5LT p5G p5L

(3.22)
The last two components are a zero-matrix 0 of size l×k to indicate that there is
no transition allowed from the absorption state to any other state, and the identity
matrix I of size l× l which indicates the absorption property of these states as being
in one of these states will not allow a transition out. The canonical form of MC
transition probability matrix (refer equation 3.20) is shown as in table 3.14.
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Table 3.14 Canonical Form of Absorbing Markov Chains
1 2 3 4 5 LT G L
1 p11 p12 0 0 0 p1LT 0 p1L
2 0 p22 p23 0 0 p2LT 0 p2L
3 0 0 p33 p34 0 p3LT p3G p3L
4 0 0 0 p44 p45 p4LT p3G p4L
5 0 0 0 0 p55 p5LT p3G p5L
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
LT 0 0 0 0 0 0 0 1
Several pieces of information can be extracted from the canonical form of MC
(equation 3.20). The first one is the expected time until absorption and the proba-
bilities of absorption. The calculation begins by identifying the fundamental matrix
N. Each element of the matrix N, which is denoted by nij indicates the estimated
number of times that the MC can be in state j when it was in the transient state
i.
N = (I −Q)−1 (3.23)
Secondly, finding the expected time to absorb, µi indicates how many steps are
needed for the MC to get to an absorbing state if it began in state i. The calculation
is presented in equation (3.24), 1 is a column vector of size equals the number of
columns in N .
µ = N1 (3.24)
Then to find the probability of absorption fij if the MC started at a transient
state i is computed as in equation (3.25).
f = NR (3.25)
Another quantity which can be calculated by using the fundamental matrix
(equation 3.23) is the expected time taken by first year students until graduation.
This quantity is the sum of the diagonal elements of the fundamental matrix N , and
calculated by the equation (3.26).
E1G = n11 + n22 + n33 + n44 + n55 (3.26)
As indicated in the canonical form of the absorbing MC in table 3.14, there are
22 allowed possible transitions within the Omani higher education system. Conse-
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quently, 22 transition probabilities need to be estimated. As it has been mentioned
earlier in the case of aggregate data it is not possible to use MLE to estimate the
MC transition probabilities. Alternatively, a conditional least squares (CLS) is used
to evaluate the transition probabilities.
3.10.3.3 Estimating the Transition Probabilities Matrix by Using CLS
The conditional least squares (CLS) method is used to estimate transition





yi(t− 1)pij + εj(t) (3.27)
Where t = 1, ..., T indicating the number of trials, which are the number of academic
years involved in this analysis. The number of states is presented by j = 1, ..., r,
which involves k transient states and l absorbing states where r = k + l.
yj = {yj(t)}, T × 1 vector (3.28)
t\yj y1 y2 · · · yr
0 y1(0) y2(0) · · · yr(0)
1 y1(1) y2(1) · · · yr(1)
2 y1(2) y2(2) · · · yr(2)
... ... ... . . . ...
T-1 y1(T − 1) y2(T − 1) · · · yr(T − 1)
p′j = (p1j, p2j, · · · , prj) r × 1 vector of transition probabilities (3.29)
ε′j = (ε1j, ε2j, · · · , εrj) r × 1 vector of randomdisturbances (3.30)
Xj =

y1(0) y2(0) · · · yr(0)
y1(1) y2(1) · · · yr(1)
... ... . . . ...









X1 0 · · · 0
0 X2 · · · 0
... ... . . . ...
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Or in an alternative but equivalent form,
y = Xp + ε (3.31)
Following this is an estimator of p which minimises the sum of squared errors in
equation 3.27, which is like solving a quadratic programming problem.
Minimize ε′ε = (y −Xp)T (y −Xp) (3.32)
Then, evaluating the problem, provides the required transition probability ma-
trix.
P̂CLS = (XTX)−1XTY (3.33)
The solutions need to be checked to see that certain conditions are met. The first
one is the row sum condition, which is used to ensure that total probabilities in
each row is equal to one (equation 3.34), and the other condition is non-negative
probabilities (equation 3.35), which is used to ensure that each probability is always
equal or greater than zero.
∑
j
pij = 1 (3.34)
0 ≤ pij ≤ 1 (3.35)
First, Xs are computed, these being the sum of current, new and returning stu-
dents in the first six academic years. So X is a matrix of size 6 (academic years)
× (transient states which are also indicate the year of study). Then, Y ′s are eval-
uated, which are the combination of M(current students), LT (students left study
temporarily), G (students graduates) and L (student left study permanently) in the
last six academic years. This made Y of size 6× 18. Then from these quantities, an
XTX and XTY matrices are defined, which are the base of the next analysis. The
H in (3.36) is a zero-matrix and its diagonal elements are brought from the XTX.
While the f is a vector of XTY .
3.10.3.4 The Quadratic Form
Quadratic programming is a mathematical method, which is used to optimise a
quadratic function by way of either minimisation or maximisation. The optimisation
is subject to linear equality and or inequality constraints, used in a case where there
is a quadratic function of decision variables, which need to be optimised subject to
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lb ≤ x ≤ ub
(3.36)
A quadprogr function is used to run the quadratic programming (QP) in MATLAB
environment, and its inputs are:
• H is a matrix appears in the quadratic function to be minimised. Its diagonal
elements are obtained from XTX elements and the rest are zeros.
• f is a vector appears in the quadratic function to be minimised, and it is
obtained by using XTY .
• Aeq is a matrix of the equality constraints, where the sum of the row proba-
bilities must equal 1, as identified in equation 3.34.
• beq is a vector of the values of the equality constraints, which is here a vector
of ones, as identified in equation 3.35.
• lb is the lower bound of the obtained values to avoid negative values of tran-
sition probabilities, as identified in equation 3.35.
3.10.3.5 Simulating the Data by Using the Obtained STPM
After obtaining the students transition probabilities matrix (STPM), there is a
need to see how the student transition probabilities behave in the longer term to
predict the potential change when planning higher education admission. The data
used was available only for only seven academic years. So, examining the transitions
probabilities in the longer term may not be possible. As this is the case, a simulation
study could be conducted to examine such transitions although, there is evidence
to suggest student behaviour is stable within the medium term and it is unlikely
to experience a big change on such behaviour within the medium period (Shah and
Burke 1999). Another reason to use the simulation study is to examine the error
of the obtained transition matrix, by finding the standard error from the simulated
transitions matrix.
Inputs of the simulated model include:
• The transition probabilities matrix, which is obtained from the previous anal-
ysis of minimising/maximising the quadratic form.
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• The recruitment data (number of new and returning students) in each year of
study in each academic years.
• The initial data of one academic year which is used to start the simulation.
Notice that simulating one cohort of students has 0s in all initial states, only
a number of admitted students is used at the beginning.
The processing of the model involves:
• Simulating the recruitment process by obtaining a, which is a matrix denoting
the recruitment process or in other words the number of new students (includ-
ing returning students). Assuming that ak ∼ Poisson(λ), where λ is a vector
of the means of the number of new students (inc. returning) in each state from
the actual data.
• Simulating the aggregate data s for similar period of the actual data, assuming
that si ∼Multinomial(si−1, Pj), where si−1 is the row data of one year before
and Pj is the transition probabilities from state j.
Each simulation step ends up with aggregate data, which is followed by a com-
putation of the transition probabilities matrix. The transitions matrix, then, is
converted to a row-vector and recorded in data matrix, where the columns represent
the transition probabilities and the rows represent the simulation count. To clarify,
if there are n transition probabilities, then these transitions will be simulated m
times and the result will be recorded in the matrix as already has been illustrated
(refer to matrix 3.28). The simulation involves finding the transition probabilities
matrix of MC by using the available aggregate data, then using this matrix to sim-
ulate the data for the required number of academic years which are used after that
for further analysis to examine the impact of possible changes on student admission
into HE. The output of the model involves:
• Simulated aggregate data.
• A vector of the means of each transition probability.
• A vector of standard error of each mean. s.e = σ√
n
.
The simulation data has been obtained to construct the standard error of the
mean of the transition probabilities. Table (3.15) shows that the standard errors
of the mean of the simulated transitions probabilities in all of the simulated data
were very small and positive indicating greater accuracy of the estimated transition
probabilities than the case of having a large standard error.
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Table 3.15 Standard Errors of the Mean of the Simulated Transition Probabil-
ities
Trans.Probability EngA EngF EngM EduA EduF EduM
P11 0.000092 0.000141 0.000115 0.000262 0.000398 0.000343
P12 0.000155 0.000224 0.000195 0.000411 0.000590 0.000550
P22 0.000117 0.000199 0.000141 0.000450 0.000661 0.000567
P23 0.000121 0.000222 0.000138 0.000499 0.000695 0.000620
P33 0.000107 0.000198 0.000135 0.000584 0.000794 0.000405
P34 0.000092 0.000185 0.000114 0.000568 0.000700 0.000794
P44 0.000120 0.000184 0.000167 0.000513 0.000609 0.000633
P45 0.000104 0.000148 0.000151 0.000517 0.000637 0.000885
P55 0.000020 0.000031 0.000106 0.000222 0.000267 0.000306
P1LT 0.000061 0.000089 0.000079 0.000242 0.000391 0.000265
P2LT 0.000029 0.000063 0.000033 0.000217 0.000296 0.000318
P3LT 0.000029 0.000058 0.000037 0.000228 0.000160 0.000385
P4LT 0.000035 0.000066 0.000046 0.000172 0.000194 0.000357
P5LT 0.000000 0.000000 0.000027 0.000000 0.000000 0.000000
P3G 0.000006 0.000011 0.000005 0.000285 0.000242 0.000497
P4G 0.000034 0.000072 0.000036 0.000421 0.000467 0.000762
P5G 0.000020 0.000031 0.000065 0.000222 0.000267 0.000306
P1L 0.000079 0.000077 0.000120 0.000271 0.000390 0.000379
P2L 0.000048 0.000041 0.000066 0.000233 0.000311 0.000372
P3L 0.000034 0.000011 0.000052 0.000251 0.000146 0.000510
P4L 0.000020 0.000047 0.000027 0.000181 0.000210 0.000442
P5L 0.000000 0.000000 0.000027 0.000000 0.000000 0.000000
3.10.4 The Analysis
The analysis in this stage, using aggregate data involves several steps: (1) defin-
ing the system states, (2) estimating the transition probability matrices. There are
many ways to define states.
3.10.4.1 Defining System States
Different ways have been used to define state in a MC model. The difference rises
due to the system’s structure and the purpose of the required study. The typical case
of states in MC applied on Education, is when we have just the academic year since
commencement to indicate students states. That means a student’s state would
be equal to the number of year since commencement, but this is mainly valid on
primary education when students move automatically from one class (state) to the
next one.
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Shah and Burke (1999) used two feature of students to define the transition
states; age at commencing a program and the year of enrolling the program. By
this definition of state, they ended up with 51 states, which can be seen clearly in
table (A.1). Each X indicates one state. Interestingly, in spite of the large number of
states, they used the data of only two calendar years to model students flows.
Another way of defining system’s states is by using the number of earned credit
hours, (Alawadhi and Konsowa 2007). For example,
• Freshman, a student who earned less than 31 credit hours.
• Sophomore, a student who earned between 31-60 credit hours.
• Junior, a student who earned between 61-90 credit hours.
• Senior, a student who earned more than 90 credit hours.
• Graduated, a student who leave the system with the desired qualification.
• Dropped out, a student who leave the system without obtaining a qualification.
• Not Registered, a student in this state will return to the system after a while.
• Transferred, a student who transferred between faculties in one institution,
To summarise, defining the states in any system relies on researchers’ vision
toward the system structure, and the individual movement in the system should
be fitted in one only state at a certain time. The first method of defining states
used by Shah and Burke (1999) may not be an appropriate choice of the proposed
study due to large number of states in this method. And the used features (age
and year of commencement) may not give an accurate result of students flows. It
may work well on primary education context, but not on Higher Education context
as students may be admitted from different ages at different time in the system.
The other method used by Alawadhi and Konsowa (2007) used number of earned
credit hours to indicate a student’s state at a certain time. This method seems to be
appropriate for the proposed system, as it has similar variables which indicate the
number of earned credit hours plus the number of subjects, named Student Program
Year.
It has been noted that student transitions in aggregated form within a Higher
Educational system tends to have stochastic process characteristics in terms of hav-
ing a random sequence of events, which moves to only one state at one unit of time.
For example, from the state of completing 2nd to the 3rd years, or changing state
from postponed to returning state in a particular year of study.
Student transition can thus be modelled as stochastic processes by using Markov
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Chains (MC) (Brezavšček and Baggia 2015). MC has been used widely to model
student flow in Higher Education. In Slovenia, (Brezavšček and Baggia 2015;
Brezavšček, Bach, and Baggia 2017) applied MC to model student transition in
one faculty of institutions. Similarly, MC has been used to analysis student flow
at Kuwait University (Alawadhi and Konsowa 2007; Alawadhi and Konsowa 2010).
Another example and in another study MC has been applied to an American univer-
sity (US) (Deliz, Morales, and Rivera 2015), and in the Nigerian education system,
specifically when the system is multi-echelon (Osagiede and Ekhosuehi 2013) . In a
different method of using MC, a couple of years and aggregate data of completion
and enrolment was used to build their model based on Australian data to avoid the
cost and unavailability of a longitudinal data (Shah and Burke 1999). The obtained
result of their work did answer the research questions regarding students transition
in terms of length of staying in each state and the probability of moving from one
state to another, which can be either transient where students can move to another
state or absorption where students would not be able to move to another state in
the system as they will be either graduated or left out the education system. The
literature shows that MC is an efficient method to model student flows within higher
education systems. According to the best knowledge of the researcher, none of the
work on modelling student flow validated the obtained model.
3.10.4.2 Estimating Transition Probability Matrices
In this research the transition probabilities matrix is obtained by using the
Conditional Least Squares method rather than the most commonly used method by
dividing each number of students by the row total in each year.
As it has been discussed early, there are 22 transitions probabilities (refer equa-
tions 3.2:3.19) consisting of five transient states (each represents one year of study)
and three absorbing states (Left temporarily, Graduate and Left permanently) (re-
fer to table 3.14 and matrices 3.21 and 3.22). This matrix is obtained by using the
Conditional Least Squares and the Quadratic Programming to estimate the student
transition probabilities matrix.
The data used consists of seven academic years 2009/2010 to 2015/2016 (t=1,...,T)
where T = 7. There are six student statuses (refer table 3.13). The analysis includes
a number of steps that are taken to obtain the transition probability matrix. Before
defining the variables used in the analysis, the data components are clarified. Notice
that each status has five levels (indicating five years of study) except the graduate
status as it has only three levels (graduation in third, fourth and fifth years of study)
due to the allowing for graduation only after the third year of study. The analysis
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started by defining the data variables as in the system status (refer table 3.16).
Table 3.16 Defining the data variables
NT = mydata(:,[1:5]); % New Students.
RT = mydata(:,[6:10]); % Returning students.
M = mydata(:,[11:15]); % Current students.
LT = mydata(:,[16:20]); % Left study temporarily.
G = mydata(:,21:23) % Graduates
L = mydata(:,[24:28]); % Left study permanently.
3.10.4.3 Analysis of the Omani data
The analysis of the Omani data involves eight steps:
Step 1: X is evaluated by summing new and returning students at time t in each
level with the number of current student s at the same level and same time t. X
covers the period from T=1 to T = 6, and it is of size (6 × 5) as there are six
academic years and five years of study program.
Step 2: Y is defined, which involves all the students in each state and level19
(excluding new and returning students) in the period from T=2 to T=7. Notice
that Y takes the value one after X values in terms of the academic year (refer table
3.17).
Table 3.17 Defining the model variables
X = [M([1:6],:) + NT([1:6],:) + RT([1:6],:)];
Y = [M([2:7],:),LT([2:7],:),G([2:7],:),L([2:7],:)];
Step 3: XTX is computed, and produces a square matrix of size 5. Similarly to
XTY , which produces a matrix of size 5× 18 (refer table 3.18).
Table 3.18 Computing the tran
XTX=transpose(X)*X;
XTY=transpose(X)*Y;
Step 4: The H matrix is defined by using the elements of XTY X, and the f vector
by using the elements of XTY . H and f are the main components on applying
the quadprog function to estimate the transition probabilities in addition to the
19A level denotes the year of study program (1st, 2nd and so on).
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Quadratic constraints20. The transition probabilities to the absorbing states (left
temporarely, graduate, and left study) are constructed (refer table 3.19).
Table 3.19 Defining the transition to the absorbing states




XTX(1,1),XTX(2,2),XTX(3,3),XTX(4,4),XTX(5,5)); % Left Study
Table (3.20) illustrates the construction of the H matrix by using XTX. The
two numbers of the diagonal element in H indicate the row and column numbers in
the XTX matrix.
Table 3.20 H matrix (matrix of all transition probabilities)
p11 p12 p22 p23 p33 p34 p44 p45 p55 p1LT p12LT p3LT p4LT p5LT p3G p4G p5G p1L p2L p3L p4L p5L
p11 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p12 0 11 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p22 0 21 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p33 0 0 0 22 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p33 0 0 0 32 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p34 0 0 0 0 0 33 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p44 0 0 0 0 0 43 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
p45 0 0 0 0 0 0 0 44 45 0 0 0 0 0 0 0 0 0 0 0 0 0
p55 0 0 0 0 0 0 0 54 55 0 0 0 0 0 0 0 0 0 0 0 0 0
p1LT 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0
p2LT 0 0 0 0 0 0 0 0 0 0 22 0 0 0 0 0 0 0 0 0 0 0
p3LT 0 0 0 0 0 0 0 0 0 0 0 33 0 0 0 0 0 0 0 0 0 0
p4LT 0 0 0 0 0 0 0 0 0 0 0 0 44 0 0 0 0 0 0 0 0 0
p5LT 0 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0 0 0 0
p3G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0 0 0 0 0 0
p4G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44 0 0 0 0 0 0
p5G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0
p1L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0
p2L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 0 0 0
p3L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0
p4L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44 0
p5L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 55
Step 5: The f matrix is defined, as follows (refer table 3.21):
Table 3.21 Defining the f matrix for the absorbing states
\begin{verbatim}




20Each probability ≥ 0 and sum of each row probabilities = 1.
CHAPTER 3. TRANSITION WITHIN HIGHER EDUCATION 157
Step 6: Definition of the constraints used in the analysis. The equality constraint
Aeq, sum of each row transition probabilities is equal to 1. While the inequality
constraint is to enhance that each transition probability is located between 0 and 1
inclusively. Both constraints have been introduced in equations 3.34 and 3.35. The
following code define the transitions from each transient state (years of study) beside
the relevant constrains of the sum of transitions probability from one transient state
equals one, and the lower bound of these transition must be positive (refer table
3.22).
Table 3.22 Defining the transition probabilities from each transient states
Aeq = zeros(5,22);
Aeq(1,[1,2,10,18]) = 1; % Indicates the transition from i=1.
Aeq(2,[3,4,11,19]) = 1; % Indicates the transition from i=2.
Aeq(3,[5,6,12,15,20]) = 1; % Indicates the transition from i=3.
Aeq(4,[7,8,13,16,21]) = 1; % Indicates the transition from i=4.
Aeq(5,[9,14,17,22]) = 1; % Indicates the transition from i=5.
beq = [1;1;1;1;1]; % The right-side of the equality constraints.
lb = zeros(22,1); % Defining the lower band.
To illustrate how the equality constraints are constructed, table (3.23) has a
column for each transition probability. The Constraints column shows each group of
probabilities should be equals to 1 when applying the quadratic programming.
Table 3.23 Equality Constraints
p11 p12 p22 p23 p33 p34 p44 p45 p55 p1LT p12LT p3LT p4LT p5LT p3G p4G p5G p1L p2L p3L p4L p5L Constraints
1 1 2 10 18 1,2,10,18
2 3 4 11 19 3,4,11,19
3 5 6 12 15 20 5,6,12,15,20
4 7 8 13 16 21 7,8,13,16,21
5 9 14 17 22 9,14,17,22
Then, putting all of the obtained input variables into the MATLAB function
quadprog to produce an estimation of the student transition probabilities.
Step 7: The transition probability matrix is used to extract valuable information
of student flows within the educational system. In this context, the fundamental
matrix and the accompanying equations are used, equations (3.23, 3.24, 3.25 and
3.26). Firstly it is used to check the reasonableness of data. Obtaining student
transition probability matrix (STPM) for each discipline is important to detect
any anomalies in the matrices that is to establish criteria for ‘good data’. As the
transitions are for students who progress in their study from one year to the next
one, and at any point of time they can leave the study in either situation temporarily
or permanently, there are few points should be considered. (1) It is expected that
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students are more likely to move to the next year than to remain in the same year
of study. So, the transition probability for remaining in the same transient state
should be lower than the probability of moving to the next transient state that is
pii < pi,i+1. (2) For the graduation state, probability of moving to other absorbing
states should be very low (less than 0.1) otherwise there is an indication of a problem
in either the educational system or in the obtained data.
Step 8: Simulation to answer the questions regarding the expected number of stu-
dents to graduate or even to drop-out at the end of each academic year, in addition
to the expected numbers of students in each discipline. The simulation involves es-
timating the standard error of the mean of transition probabilities. The conducted
simulation as illustrated in section (3.10.3.5) relies on the estimated transition prob-
abilities.
The next section shows the result of the previous analysis and concludes with
recommendations to the policy-makers.
3.11 Results and Discussion
In order to achieve the purpose of modelling students flows in Omani Higher
education system, student data of seven disciplines have been analysed for the same
academic years 21. These are investigated and compared with each other in terms
of the transition probabilities, time to graduate or left study and the prediction of
the number of students in each state accordingly (refer to table 3.28).
Table 3.24 The data used in the analysis
Discipline Abbreviation
1. Education eduA
2. Engineering and Related Technologies engA
3. Management and Commerce mngA
4. Information Technology itA
5. Society and Culture cltA
6. Creative Arts artsA
7. Natural and Physical Sciences physA
The transition probability matrices have been obtained for all inclusive disci-
plines in the analysis (refer table 3.25). All transition matrices are irreducible, as
21The data is available only for the period between 2007/2008 and 2015/2016 inclusive. Selection
of this period was due to a preliminary investigation of the data, and due to significant anomalies
and inaccessibility, the data used are from the seven academic years 2009/2010 to 2015/2016.
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it possible to move from any transient state to any other states (not conditional on
one step). That means all states are reachable in one step or more. For example,
after a set of steps students can arrive to graduate state.
In order to determine the suitability of the data to be used in MC, two criteria
need to be met firstly. Bear in mind these criteria are to accommodate the logic
of data and not required by MC. The first criterion is that probability of repeating
the year of study should not exceed 0.5. The second criterion is that probability of
absorption other than graduation should be very low (less than 0.1). The education
and engineering disciplines were the only disciplines met these criteria. For example,
regarding the first criterion all disciplines (except education and engineering) have
a high probability of repeating the third year (refer table 3.25). The other criterion
was also not satisfied in all disciplines (except education and engineering) as the
probability of leaving temporarily was high indicating that students are more likely
to leave study temporarily than graduating.
It is common that disciplines (other than education and engineering) have a high
transition probability of remaining in the third and fourth year states (> 0.6), which
gives an indication if it is true that many students repeat the third year. However,
such cases of high number of students repeating the year can be possible in case
of part-time study mode or even in a self-funding students, as students in these
two cases are not restricted to limited time of study as they can enrol, postpone or
even withdraw and register again after a while. Because of such complicated cases,
the study was limited only on funded seats (grants, scholarships and public seats).
Such results can be linked to data anomalies as tracking the data did not show a
reasonable change in the number of students in each year of study. These disciplines,
show that in the second year of study students are more likely to leave the study
temporarily than moving to any other states with a probability between 0.37 and
0.86.
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Table 3.25 Transition Probability Matrices by Discipline
mngA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.2678 0.6031 0 0 0 0 0 0.1291
1st Year 0 0.3058 0.6225 0 0 0.0172 0 0.0545
2nd Year 0 0 0.2755 0.3049 0 0.3854 0.0087 0.0255
3rd Year 0 0 0 0.6498 0.1237 0.1949 0.0214 0.0102
4th Year 0 0 0 0 0.8113 0.1769 0.0119 4.5E-17
itA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1857 0.6511 0 0 0 0.0271 0 0.1361
1st Year 0 0.3452 0.5710 0 0 0.0076 0 0.0762
2nd Year 0 0 0.2660 0.2673 0 0.3777 0.0525 0.0365
3rd Year 0 0 0 0.6208 0.1744 0.1431 0.0610 0.0006
4th Year 0 0 0 0 0.6869 0.1739 0.0860 0.0532
cltA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.2753 0.4495 0 0 0 0.1143 0 0.1609
1st Year 0 0.4162 0.5096 0 0 0.0634 0 0.0108
2nd Year 0 0 0.2447 0.2758 0 0.4795 1.29E-15 3.15E-14
3rd Year 0 0 0 0.6189 0.3646 0.0164 8.62E-14 2.47E-14
4th Year 0 0 0 0 0.3017 0.2402 0.2287 0.22946
artsA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.0785 0.8136 0 0 0 3.89E-16 0 0.1079
1st Year 0 0.1985 0.7551 0 0 0.0008 0 0.0457
2nd Year 0 0 3.42E-16 0.0649 0 0.8592 0.0312 0.0447
3rd Year 0 0 0 0.7384 0.1815 0.0532 0.0124 0.0144
4th Year 0 0 0 0 0.6062 0.1746 0.0997 0.1195
physA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1504 0.7606 0 0 0 0.0198 0 0.0693
1st Year 0 0.3513 0.5523 0 0 0.0726 0 0.0239
2nd Year 0 0 0.2585 0.2781 0 0.4634 8.74E-16 1.02E-13
3rd Year 0 0 0 0.6793 0.2648 0.0559 5.32E-14 3.10E-13
4th Year 0 0 0 0 0.6660 0.1620 0.0792 0.0928
eduA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1318 0.6372 0 0 0 0.0977 0 0.1333
1st Year 0 0.2930 0.5742 0 0 0.0592 0 0.0736
2nd Year 0 0 0.0603 0.7314 0 2.67E-15 0.1979 0.0104
3rd Year 0 0 0 2.38E-19 0.2062 1.17E-18 0.7938 1.38E-18
4th Year 0 0 0 0 6.55E-19 5.34E-19 1 4.98E-19
engA Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1606 0.7034 0 0 0 0.0345 0 0.1015
1st Year 0 0.4294 0.5213 0 0 0.0006 0 0.0487
2nd Year 0 0 0.4181 0.5703 0 0.0004 3.32E-19 0.0112
3rd Year 0 0 0 1.11E-18 0.4605 2.93E-19 0.5395 1.95E-19
4th Year 0 0 0 0 0.0247 1.97E-19 0.9753 1.60E-19
Perhaps browsing an institution in some of disciplines could show some signs in
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terms of data suitability for Markov chain analysis that is the criteria for acceptable
probabilities is met. Selection of an institution in each discipline is up to the ap-
proximate consistence of the number of current students each year of study in each
academic year. From the data selected, it is clear that they are all governmental
institutions. In addition to the presence of SQU within two disciplines, the rest of
the selected institutions are from the Colleges of Applied Sciences. This should not
detract from the performance of the other private and governmental institutions,
as the goal of this choice is an attempt to choose the best institutions in providing
student data in each discipline. (refer table 3.26). Selection of these institutions
confirms that each selected institution is the best possible option in providing a rea-
sonable sequence of student data across the academic years in terms of the numbers
of new and current students.
Table 3.26 Selected institution from each discipline
Discipline Institution Abbreviation
1. Management and Commerce Rustaq college of applied science rstqmng
2. Information Technology) Sohar college of applied science shrcsit
3. Society and Culture SQU (Sultan Qaboos University) squclt
4. Creative Arts Sur college of applied science surcsarts
5. Natural and Physical Sciences SQU (Sultan Qaboos University) squphys
Although only one educational institution was chosen in each discipline, only
minor changes were made to the transition matrix (refer table 3.27). Still, the issue
of staying in the same school year continues, and likewise student leaving study,
whether temporary or permanent show the same issue.
Note that the problem may not be specific in an educational institution, as data
of some majors (education and engineering) has shown its relevance to analyse stu-
dent movement within the educational system despite the presence of these selected
institutions among them (refer tables 3.7 and 3.8).
A further investigation might be needed to tackle this problem of data inconsis-
tency, but will be kept for a future work. However, the problem can be linked to the
issue of student movement between institutions in the same discipline, which is not
indicated as a student status in HESS (Omani higher education statistical system).
The other possible cause is the student leave permanently and then appear in an-
other institution. Such movement can not be detected as the data is in an aggregate
form. For future work, an individual data should be used for a better analysis of
student transition within the highed education system.
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Table 3.27 Selected Institutions from each discipline
rstqmng Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1475 0.5639 0 0 0 0.0878 0 0.2008
1st Year 0 0.1388 0.7685 0 0 0.0309 0 0.0618
2nd Year 0 0 1.02E-22 0.3025 0 0.6715 1.14E-21 0.0261
3rd Year 0 0 0 0.3575 0.1571 0.1897 0.1854 0.1102
4th Year 0 0 0 0 1.45E-23 0.4084 0.2907 0.3010
shrcsit Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.0837 0.7665 0 0 0 0.0166 0 0.1332
1st Year 0 0.1765 0.6123 0 0 0.0576 0 0.1536
2nd Year 0 0 0.0793 0.1706 0 0.3169 0.3982 0.0350
3rd Year 0 0 0 0.5907 0.1425 0.0153 0.2479 0.0036
4th Year 0 0 0 0 0.5899 0.1378 0.1133 0.1590
squclt Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1279 0.6312 0 0 0 0.1020 0 0.1389
1st Year 0 0.4663 0.3759 0 0 0.1352 0 0.0226
2nd Year 0 0 0.3871 0.0810 0 0.5318 3.47E-17 1.86E-17
3rd Year 0 0 0 0.7344 0.2656 2.82E-17 5.67E-17 2.88E-17
4th Year 0 0 0 0 0.0393 0.3341 0.2958 0.3309
surcsarts Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.1060 0.7236 0 0 0 9.51E-13 0 0.1704
1st Year 0 0.0275 0.7936 0 0 3.65E-11 0 0.1788
2nd Year 0 0 1.39E-13 0.0199 0 0.8713 0.0316 0.0771
3rd Year 0 0 0 0.6614 0.2297 1.43E-13 0.0789 0.0300
4th Year 0 0 0 0 0.5449 0.1337 0.1309 0.1905
squphys Fyear 1st Year 2nd Year 3rd Year 4th Year LeaveT Graduate LeaveP
Fyear 0.0701 0.7794 0 0 0 0.0720 0 0.0784
1st Year 0 0.4028 0.4997 0 0 0.0975 0 1.36E-15
2nd Year 0 0 0.0807 0.3286 0 0.5907 3.92E-16 2.28E-16
3rd Year 0 0 0 0.5467 0.4412 0.0010 9.42E-10 0.0111
4th Year 0 0 0 0 0.4000 0.2080 0.1884 0.2036
As a result of these finding, the next analysis is limited to two disciplines, ed-
ucation and engineering, as they show reasonable transition probability (refer table
3.25). A preliminary analysis conducted to examine the data changes between stu-
dents status and years of study shows that education and engineering disciplines are
the most appropriate disciplines to analyse student transition within higher educa-
tion. The result of analysing students flows, by using six datasets from education
and engineering, is presented in this section. The results will be compared according
to major and gender in order to explain the movement of students within the edu-
cational system. The outcomes are organised according to the following sequence.
First, student transition within the years of the study program and the time spent
in each year. Second, student attrition, which will involve either the case of leaving
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study temporarily or permanently. Then, student graduation is presented as leaving
the system with the required qualification. After that, the outcomes of the simula-
tion study to predict the number of students in each state and the expected number
to graduate and the number of students who are expected to depart at each year of
study is presented.
To start with a data set for each of the education and engineering disciplines
is created for each sex and and one data set for both sexes, (refer table 3.28). The
letter “F” at the end of each major denotes female data of that major, while the
letter “M” indicate the male data in the same major.
Table 3.28 The data used in the analysis for education and engineering
Discipline/Gender All Female Male
Engineering EngA data EngF data EngM data
Education EduA data EduF data EduM data
The result are presented in four points. The first one is regarding student
progression within the Omani higher education system. The second one is about
those who left study without a qualification, both cases temporarily and permanently
are considered. The third one presents student graduation. Whereas, the fourth
point was devoted to presenting predictive results about the number of students in
each of the previous cases.
3.11.1 Student Progression
The first set of questions aimed to investigate students flows within the Omani
Higher Education system, in terms of:
• Probabilities of remaining in the same state.
• The average time spent in each year of study.
Students transitions go through five transition states. Each state represents a
one year of the study program. As it has been stated early in this chapter, the first
year state represents the foundation year (the essential year in other words), while
the fifth year state indicates the year 4 of the study program or higher.
3.11.1.1 Students performance in the transient states (years of study)
In general students do not stay much time in state 5, and this can be linked
as a result of allowing graduation in third and fourth years in addition to the fifth
year (refer table 3.29). The data is limited to obtaining a Bachelors degree, which
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means that students need to spend at least three years of study. However, this does
not seem to be true in for example the analysed data as a result of students transfer
between institutions, where students can have completed one year, but come into
the new institution still be classified as year one. Tracking them is not possible due
to the data aggregation structure and the way in which institutions assigns the year
of study to the coming students from another institution which may not match with
their previous study.
Engineering students are more likely to stay in the same transient state as
compared to students in education. For example the probability for remaining in
the second year of engineering (0.5623) is about double the probability for education
(0.3346). This may be due to two important factors: the nature of the specialisation
and the characteristics of the students accepted in each program (for example, the
admission rate in this specialisation).
Male engineering students showed a higher percentage than the rest of the groups
in the probability of remaining in the same transient state average of 0.3705, which
may indicate that they need a longer period to obtain a degree in Engineering, table
(3.29). In contrast compares engineering and education disciplines in terms of the
time students remain in the same state.
Female students in both disciplines have a probability of less than 0.5 in remain-
ing in the same transient state, table (3.29). In average female students (regardless
the discipline) stay about one year and a half in the same transient state. Notice
that zeros in all following table have a very tiny number, but due to rounding up to
four digits they show as zero.
Table 3.29 Probability of Remaining in the Same Transient State
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
Foundation Year 0.1758 0.1738 0.1830 0.1449 0.1687 0.1225
1st year 0.4855 0.2950 0.5761 0.3383 0.4074 0.2506
2nd year 0.5623 0.3621 0.6366 0.2075 0.3346 0.0000
3rd year 0.4012 0.3030 0.4400 0.1871 0.2139 0.0281
4th year and more 0 0 0.0169 0 0 0
x̄ 0.3250 0.2268 0.3705 0.1756 0.2249 0.0802
sd 0.2323 0.1441 0.2637 0.1219 0.1575 0.1077
3.11.1.2 Students time spent in each transient state
In line with the probability of remaining in the same state, male engineering
graduates need in average about two years in each year of study (refer table 3.30).
In contrast, male education graduates have the shortest period to stay in each year
of study with an average of one year, which is reasonable period.
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Table 3.30 Average time spent in a Transient State
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
Foundation Year 1.21 1.21 1.22 1.17 1.20 1.14
1st year 1.94 1.42 2.36 1.51 1.69 1.33
2nd year 2.28 1.57 2.75 1.26 1.50 1.00
3rd year 1.67 1.43 1.79 1.23 1.27 1.03
4th year and more 1.00 1.00 1.02 1.00 1.00 1.00
x̄ 1.62 1.326 1.828 1.234 1.332 1.1
sd 0.5227 0.2230 0.7344 0.1842 0.2683 0.1409
To sum up, there are differences at the discipline level and gender. The engi-
neering student spends in average about 1.62 years in each transient state, while the
Education students spend only 1.234 years. At the gender level, the females exhib-
ited fairly stable performance meaning 1.2 to 1.69, what are these figures. There
were no significant differences in their remaining time in the same transient state (in
average), which was in both majors with 1.3 years. In contrast, Engineering male
students show a remaining time in the same transient twice as in Education.
3.11.2 Leaving Study
The second issue is to investigate the movement of students towards leaving
the education system without obtaining a qualification. This departure may be
permanent or temporary as previously indicated. Due to the inability of the data
to distinguish returnees from new students, the transferred and postponed students
have been considered in an absorption state.
Three different absorption states have been included in this study, left study
temporarily, graduate and left study permanently. Table (3.31) shows the time
needed by a student to absorb, when they were in state i. Notice that absorption
here can be any of the absorbing states. Education students need less time (average
of 2.5479 years) to absorb than Engineering students (average of 3.8652), because
of the nature of their degree length and due to the difference in time to complete
a year. This difference between the two specialities is due to the nature of each
specialisation in terms of curriculum and the characteristics of students studying as
the gender and the competitive rate in the enrolment in higher education in addition
to the subjects studied by the student in school education. On average Engineering
students in the first year of study will need about 5.69 years to absorb, when the
degree length is meant to be 4.5 years. Whereas Education students graduating in
the same year will need only 3.63 years to absorb in comparison to the degree length
of four years. Obviously, being in the fifth year needs only one year to absorb, a
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further result is presented next regarding the probability to absorb in each type of
absorption.
Table 3.31 Expected time to absorb
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
Foundation Year 5.6883 5.6607 5.433 3.6323 3.7103 3.4291
1st year 5.6068 4.8800 5.877 3.5220 4.1806 2.9247
2nd year 4.4551 3.7096 4.779 2.7101 3.3433 2.1133
3rd year 2.5757 2.2687 2.721 1.8752 1.9343 1.6553
4th year and more 1 1 1.017 1 1 1
x̄ 3.8652 3.5038 3.9654 2.5479 2.8337 2.2245
sd 2.0357 1.8962 2.0440 1.1180 1.3242 0.9717
For various reasons, students may decide to leave the education system tem-
porarily or leave the institution to another institution. Note that there is no accu-
rate data on the date of their return to the educational system. Even the data of the
returning students do not match the data of the students leaving temporarily.
The following table (refer table 3.32) shows the probability of student leaving
temporarily. This indicates that students of education are more likely to leave
temporarily than engineering students. For example, a student in the first year
of education has a probability of 0.2535 to leave temporarily, while an engineering
student in the same situation has a probability of 0.1618 to leave temporarily. By
comparing both sexes in the two majors, it is clear that females are more likely than
males to leave temporarily in the foundation year in both majors.22
Table 3.32 Probabilities of Leaving Study Temporarily
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
Foundation Year 0.1618 0.2007 0.1528 0.2535 0.2885 0.2142
1st year 0.1273 0.1602 0.1246 0.1772 0.1560 0.1813
2nd year 0.1036 0.1149 0.1163 0.0796 0.0402 0.1052
3rd year 0.0442 0.0626 0.0441 0.0290 0.0323 0.0412
4th year and more 0 0 0 0 0 0
x̄ 0.0874 0.1077 0.0876 0.1079 0.1034 0.1084
sd 0.0650 0.0792 0.0633 0.1057 0.1191 0.0905
Turning now to the state of leaving the system permanently, (refer table 3.33)
shows the same pattern of leaving temporarily. The foundation year students in
education are more likely to leave the education system at 0.3265 and a slight dif-
ference in the engineering specialisation, as students are expected to withdraw by
0.3143. Foundation year male students of engineering are very likely to leave the
22Future research studying reasons behind female drop-out in the first year of study, which can
be linked to social and financial factors.
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educational system at a probability of 0.4759 (refer table 3.33), while the probability
of leaving females in the foundation year is only 0.0661, which is just opposite of
leaving temporarily outcome where females are more likely than females to leave the
study temporarily in the foundation year.
As it has been noted in both tables, the probability of leaving the educational
system decreases as the student proceeds to the following year of study. It should be
noted that these probabilities are part of all absorption probabilities, which means
that the sum of probabilities of absorbing states states in each year of the study
program in each dataset is equal to one. So for example in the foundation year the
probability of engineering student leaving temporarily (0.1618) plus the probability
of leaving permanently (0.3143) and the probability to graduate (0.5238) equals one
(due to rounded the total can be like 0.9999).
Table 3.33 Probabilities of Leaving Study Permanently
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
Foundation Year 0.3143 0.0661 0.4759 0.3265 0.3006 0.3565
1st year 0.2164 0.0359 0.3569 0.2222 0.1590 0.2704
2nd year 0.0982 0.0235 0.1794 0.1109 0.0411 0.1661
3rd year 0.0086 0.0249 0.0106 0.0411 0.0358 0.0633
4th year and more 0 0 0 0 0 0
x̄ 0.1275 0.0301 0.2046 0.1401 0.1073 0.1713
sd 0.1361 0.0240 0.2103 0.1339 0.1235 0.1459
3.11.3 Student Graduation
Graduation is the the third case of student absorption in the education system.
This section covers the questions related to the graduation process, in terms of
probability, expected duration of graduation in each year of study. In general, the
probability of graduation increases as the students advance to the next year. Looking
at the average of probabilities to graduate in each discipline in table (3.34) shows that
Engineering students are a bit more likely to graduate than Education graduates.
Table (3.34), also, indicates that on average female students in both disciplines
(engineering p=0.7893 and education p=0.8623 ) have better chance to graduate
than male students of engineering p=0.7851 and education p= 0.7204.
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Table 3.34 Probabilities of Graduation
Engineering EngineeringF EngineeringM Education EducationF EducationM
1 0.5238 0.7332 0.3713 0.4200 0.4109 0.4293
2 0.6563 0.8040 0.5184 0.6006 0.6850 0.5484
3 0.7982 0.8616 0.7043 0.8096 0.9187 0.7287
4 0.9471 0.9125 0.9453 0.9299 0.9320 0.8955
5 1 1 1 1 1 1
x̄ 0.7851 0.8623 0.7079 0.7520 0.7893 0.7204
sd 0.1984 0.1019 0.2697 0.2396 0.2427 0.2362
The expected number of years to obtain a bachelor’s degree would also be valu-
able information to decision makers, as knowing the expected number of graduates
will aid later in determining the size of enrolment in each academic year. Table
(3.35) indicates that engineering students need at the most about five and a half
years to obtain a bachelor’s degree if they were in the third year of study rather than
4.5 years defined, while education students need about four years at most to obtain
their degree, which was meant to take . This duration may increase as students
move to a further year of study.
Differences between gender appears clearly in both disciplines. Female engineer-
ing students need less time than males to obtain a bachelor’s degree over all of the
years of study (3rd, 4th and 5th), while male education students were better off than
females in obtaining a bachelor’s degree in less time, table (3.35).
Table 3.35 Expected average time spent before graduation
State/Major Engineering EngineeringF EngineeringM Education EducationF EducationM
3 5.4 4.2 6.3 3.9 4.4 3.5
4 7.1 5.6 8.1 5.2 5.7 4.5
5 8.1 6.6 9.1 6.2 6.7 5.5
x̄ 6.8667 5.4667 7.8333 5.100 5.600 4.500
sd 1.3650 1.2055 1.4189 1.1533 1.1533 1.000
3.11.4 Predicting Students Numbers
The student transition probabilities matrix, which has been obtained previously
(Appendix A.1), allows predicting the numbers of students in different years of
the study program and successive academic years by using the equations (3.2).
Among these predictions is the number of graduates in a sequence of academic
years, assuming that student behaviour is unlikely to have a dramatic change in
these years. Such information may be used thereafter with conjunction of other
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source of information of the labour market to determine the size of Higher Education
enrolment.
By using the obtained transition probabilities matrix (3.2), three different sce-
narios have been developed to predict the number of students at each year of study
in a certain year23. The first scenario assumes a doubling of the number of students
admitted in the two majors studied (Education and Engineering), and the subse-
quent changes in the number of graduates and when these changes will actually
begin. The second scenario assumes the suspension of admitting students in these
two disciplines, as well as the expected consequences of this suspension, including a
shortage of graduates on the assumption that the labour market demands a certain
number of graduates annually. The third scenario assumes a status quo of students
admission. Students admission continue at the same rate of average number of ad-
mitted students in the actual data. The scenarios initiate at the academic year
2014 2015 by using its statuses values, table (3.36).
Table 3.36 Use of Academic Year 2014/2015 as Initial Values
S/Data EngA EngF EngM EduA EduF EduM
M1 865 568 297 43 3 40
M2 7312 2693 4619 140 39 101
M3 7446 2528 4918 339 217 122
M4 4752 1995 2757 548 408 140
M5 1738 721 1017 59 21 38
LT1 539 196 343 4 0 4
LT2 417 173 244 5 2 3
LT3 227 108 119 1 0 1
LT4 196 48 148 6 5 1
LT5 63 21 42 0 0 0
G3 0 0 0 0 0 0
G4 0 0 0 0 0 0
G5 2214 858 1356 280 145 135
LP1 1014 173 841 23 2 21
LP2 661 82 579 21 3 18
LP3 229 24 205 18 1 17
LP4 174 4 170 6 1 5
LP5 11 0 11 0 0 0
The following figures of Engineering graduates show that the effects of any
modification in admission policy at year one are expected after a period of time of
about five years regardless of gender (refer figure 3.2). The same figures indicate that
23The model can be improved in a yearly base by adding the actual values of the number in each
state. This may have an issue on the obtained transitions probabilities, hence an update of the
transitions probabilities is needed as well.
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according to the different scenarios the number of graduates changes dramatically
with a doubling leading to increase the number of graduates with intake changes year
one. Whereas, stop admitting new students lead decrease the number of graduates
after six years.
Figure 3.2 Expected Graduates in Engineering





















Figure 3.3 Expected Female Graduates in Engineering


















Figure 3.4 Expected Male Graduates in Engineering




















The next figures of Education graduates illustrate the impact of adjusting the
admission policy in year one. The expected time for such adjustment may take an
effect after a period of 3 years. In contrast to the expected large changes in the
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number of engineering graduates, the expected numbers of graduates of education
showed certain stability after 9 years for females and 6 years for males.
Figure 3.5 Expected Graduates in Education


















Figure 3.6 Expected Female Graduates in Education



















Figure 3.7 Expected Male Graduates in Education



















Similarly, it is also possible to predict the number of dropouts and deferred
students as well as the expected numbers of students in each year of the study
program.
To sum up, modifying admission to Engineering discipline need about five years
to take a place. The impact of the modification depend on the size of adjustment.
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While adjusting Education admission needs only three years to see its impact. In
addition, the data indicated that there were significant changes in the number of
graduates expected according to the scenarios presented. In contrast, the data
showed certain stability in the expected number of graduates after 9 and 6 years
for females and males, respectively. Having such information will enable decision-
makers to anticipate and examine the impact of change on admission policy on the
number of potential graduates.
3.12 Conclusion
This chapter has shown that students flows can be modelled by Markov chains
even in absence of raw data (micro-data). As most of the governmental authorities
prefer to publish data in an aggregate form (macro -data) rather than individual
data, in order to enhance data privacy and confidentiality. The most method used
to do so was through the conditional least squares, which has been adopted in this
chapter. The method has been enhanced by the quadratic programming function
to ensure that the estimated transition probabilities will not revoke Markov chains
conditions. These conditions as they have been noted early are that sum of transition
probabilities at each time must not exceed 1, and each probability must be within
the range of 0 and 1. The estimated probabilities satisfied both conditions. The
method has been validated by simulating the data for several years and estimate the
transition probabilities accordingly. The estimated transition probabilities for each
simulation shows a small and positive standard error of the estimated probabilities
(refer table 3.15), which indicate the accuracy and validity of the method used to
estimating the transition probabilities (refer section 3.10.3.5).
The main aim of this chapter was to model students flows within the Omani
Higher Education system to aid decision-makers in improving Higher education ad-
mission to be more responsive to possible change on the labour market demand for
graduates.
Student Progression: This study shows that differences exist between disciplines
in the average time spent in each year of study. Engineering students stay longer
time (average of 1.62 years) than Education students (average of 1.234 years). Fe-
male students in both disciplines education (average of 1.332 years) and engineering
(average of 1.326 years) experience almost the same period of time at each year of
study. While male students stay longer in each year in Engineering (average of 1.828
years) than Education (average of 1.1 years).
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Student left study without qualification: Probabilities of leaving the system
in either ways (temporarily or permanently) decreases as students proceed to the
next year of study. Due to the nature of each discipline. For example, the high-
est probability of leaving study temporarily was for female students in education
(p=0.2885 in foundation year) and this probability decreased as students proceeded
to the next year until being in the fourth year of study where the probability be-
came approximately zero. The lowest probability of leaving the system was for male
students in engineering with a probability of 0.1528 in the foundation year. It is
noticeable that in terms of gender, females are more likely to leave the study tem-
porarily than males. While engineering students are less likely to leave the study
temporarily than education students. This difference in terms of discipline can be
linked to students desire to study engineering discipline rather than education. Per-
haps if the data is well defined, it would be easy to know where these students go
or when they returned after leaving temporarily.
Other type of leaving study is leaving permanently. Bear in mind, students may
leave study permanently in one institution, and then they may move as new students
in another institution. Similar to the probability of leaving temporarily, probability
of leaving permanently decreased as students proceeded in study. This time females
are less likely to leave the study permanently than males in both discipline. In terms
of discipline, engineering students (average of 0.1275) are less likely to leave study
permanently than education students (average of 0.1401).
To sum up, while females are more likely to leave study temporarily, males are
more likely to leave study permanently. Engineering students are less likely to leave
study either temporarily or determinately than education students. As a future
research, studying the reasons leading to more students leaving study in education
discipline than engineering discipline. One potential reason could be student desire
to study a certain discipline (e.g. engineering), but due to low competitive rate
students were admitted to another discipline (e.g. education).
Student Graduation: The probability of graduation increases as students ad-
vance to the next year of study. The difference is exist between Engineering grad-
uates (average of 6.8667 years) and Education graduates (average of 5.1 years) as
the latter need less time to obtain a degree. Interestingly, females perform better
as they need less time to obtain a degree in engineering (average of 5.4667 years)
than males (average of 7.8333 years). Vice-versa in Education as the male students
(average of 4.5 years) compared to females (average of 5.6 years) need at most 5.5
years to get a degree.
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The model, also, was able to predict the number of students in each year of
study beside the number of graduates as well. The main outcome was that modifying
admission on Education takes about 4 years to observe its impact, and the number of
graduates becomes stable after 9 years. While modifying admission on Engineering
takes longer time about 5 years to recognise its effect and stabilises after 10 years
.
In conclusion, the model demonstrated a reasonable ability to model student
flows within the education system. It is also possible to use this model to predict
the consequence of possible adjustments to admission and the time it takes for these
changes to appear in the expected numbers of graduates. Differences in student
flows between disciplines are present as well as between males and females.
There is a reasonable opportunity to develop this research in the future by
adding more than one specialisation and adding the financial cost per student. The
academic grade (in each semester) may also be added (if available) to recognise if
difference exist between students in terms of academic grades.
The main challenge in this chapter was the instability of aggregate data in such
a way as to produce the desired results easily. However, The results indicated that
it was possible to obtain fairly realistic results by using aggregate data. There is
no doubt that the use of raw data and to produce the aggregate data during the
analysis will enhance the reliability of these data and also ensures the privacy of these
data, through auditing the existing and missing of any student record. The analysis
did show that sometimes there was a number of students graduates and came from
an unknown academic year for example, or they may leave study temporarily and
there was no indication of their return, instead there was an unexplained increase in
some of the academic year. As the analysis focus on student transition within two
disciplines, the students status definition did not mention clearly students transition
from one discipline to another. However, knowing this information may solve the
mystery behind the inconsistency of aggregate data.
It is advisable for the concerned authorities in the higher education sector to al-
low researchers to access the individual data of students after encryption to maintain
the confidentiality and privacy of their data. It also takes into account the guid-
ance of the statistical system in the various educational institutions to be treated in
the student data with the civil number to prevent any repetition in the data. It is
also desirable to redefine the fields (such as state, institution, discipline and admit-
ted discipline), especially the field of the student’s case, whether for the Ministry’s
specialists or for the persons concerned, to enter the data of the students of each
institution.
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For future research, it would be worth investigating students transition by us-
ing individual student data rather than aggregate data. Extending the model to
involve the transition between institutions or even between disciplines in different
institutions. Such transitions requires a study of more subjects obtaining degrees in
different discipline.
The study can be, also, extended by including the study fees of students by using
the scholarship program information. Such information can be used to measure the
wastage of sources in terms of leaving, study, changing program and the time till
graduation.
The next chapter explores the period after graduation, which is spent by students
till finding the first employment. Notice that this chapter is a part of a large project
aims to optimise Higher Education Admission in Oman to be more responsive to
the labour market demand for graduates.
Chapter 4
Transition to The Labour
Market
Understanding the distribution of the expected time between graduation and first
employment is crucial for policy-makers in higher education in terms of determining
the number of students admitted to each discipline. The length of time after grad-
uation until first employment is an important variable to consider, as it may have
consequences for individuals (staying unemployed for long period) and society (waste
of resources, which can be used in a productive way by employment). There are
several factors, such as gender, discipline, marital status, cohort size and acquired
skills associated with the time to first employment and these will be explored in line
with their impacts on graduate employment. Graduate cohort size, for example, if
it is large may increase time until first employment, or alternatively if it is small
may result in quick employment. A further issue to explore for policy-makers is the
capability of balancing the time taken to first employment and number of gradu-
ates of a particular discipline with the potential number of new admissions in the
educational system. In order to study these issues, data from the Omani Graduate
Survey is used.
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4.1 Introduction
After students complete university studies and obtain the required qualification,
the next step is usually to join the labour market, while others may decide to advance
to complete a higher degree. Joining the job market may not be as smooth as it is
supposed to be, at least for university graduates. This results in waiting for a job
in a period of time that may be long as more than a year or may be short as less
than a month. The length of this period is subject to the influence of a number of
different factors, including personal factors (such as gender and age) and academic
factors (such as specialisation and graduation rates). These factors will be detailed
later.
4.1.1 Defining the Transition Period
This period or transition between graduation and starting a job is defined as “the
length of time it takes after graduation to obtain one’s first regular employment in an
acceptable job”, (Schomburg and Teichler 2007, p. 61) (2007, p. 61). This period is
widely known, also, as the period when youngsters are qualified by a certain degree
and they are ready to use their skills and knowledge in practical life. This period
is considered a period of transition from job search to worker status. It has been
known the period after graduation is an important time for young graduates, as they
finish one stage of their life and they are ready to go to the next stage, employment.
Such a transition may not be smooth for some of them.
In this chapter, the transition period is investigated in two main parts. The first
part focuses on investigating the time spent by graduates till getting first employ-
ment. The second part is about finding the determinants of the period of graduate
unemployment. In particular, the study will involve, besides the background char-
acteristics (e.g major and gender), analysing the impact of skills acquired during
education and required skills at work from the point view of graduates. The per-
spective on the impact is the graduate perspective as obtained through the Omani
Graduate Survey
Searching for a job may take graduates more time than expected. This study
investigates the period between graduation and employment, which is defined as
the transition period, (Hannan and Werquin 1999). Time till getting their first
job varies from one graduate to another, (Alikaj and Shehaj 2015). Many factors
may stand behind this variation. The factors considered and found significant are
not the same in all studies. For example, using graduate data in Albania using
survival analysis methodology it was found that age, level and field of education
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type of qualification, discipline and family background are significant factors on
graduate employment, (Alikaj and Shehaj 2015), while in a study in Sri Lanka
found the arts graduates that having better English skills would reduce graduate
waiting time for the first job and that females took longer than males to find a job
(Jayamanne and Ramanayake 2017). In another example, based on the Canadian
graduate survey, marital status was found significant as married graduates spent
less time till getting their first employment than unmarried, (Betts, Ferrall, Finnie,
et al. 2000). Gender and discipline are among the factors which influence the median
time till first employment (Jayamanne and Ramanayake 2017; Betts, Ferrall, Finnie,
et al. 2000; Salas-Velasco 2007). There is also a need to determine the cohort size
impact on time to employment.
Several signs can be obtained from analysing this transition period. For example,
the length of the waiting period can be an evaluation of Higher Education indicat-
ing graduates’ employability, quality of higher education to produce well-educated
graduates and labour market capability to absorb those graduates.
Observing graduates’ employment status in each discipline, policy-makers could
be more responsive to possible changes in the need for graduates. Then, they can
determine the number of admissions in each discipline. Knowing the estimated
time till employment aids graduates and parents to manage the potential difficulties
encountered during the transition period.
Students after graduation, often look for the most appropriate job in term of
many factors like relevant discipline, salary, geographic location and employer’s rep-
utation (in some cases). Also there are a number of students who may either continue
higher study or run their own business. The thesis is limited only to those graduates
who look for a job.
A review of studies (refer table 4.1) through searches of databases using the
terms time, duration, period, job, employment, unemployment, graduate, college,
university, education, survival and analysis over the period 2001 to 2019 suggest
that a variety of factors might be important and that these might differ in different
context countries or worldwide. Variables which have consistently been found to
be related to the time taken to find a job include gender and age (Niragire and
Nshimyiryo 2017; Flek, Hala, and Mysikova 2015; Sam 2017; Teyssier, Nawal, et
al. 2015). Variables which have been significant in predicting time taken to em-
ployment in some studies but not others include field of study (Canal Dominguez
and Rodriguez Gutierrez 2019; Mncayi and Dunga 2016; Salas-Velasco 2007), age
(Niragire and Nshimyiryo 2017) and graduate final mark (Biggeri, Bini, and Grilli
2001). Variables examined but not found significant in any of the studies reviewed
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in table 4.1 include gender (Canal Dominguez and Rodriguez Gutierrez 2019; Lim
and Y.-M. Lee 2019; Sciulli and Signorelli 2011; Barros, Guironnet, and Peypoch
2011), university final mark (GPA) (Pozzoli 2006) The timing of the study as search
for employment may also be important as revealed in the Czech Republic and Spain
(Flek, Hala, and Mysikova 2015). Waiting times for finding a job were on low as two
months in Cambodia (Sam 2017) and as high as 19.58 months in Morocco (Teyssier,





























Table 4.1 Worldwide Studies on Higher Education Outcomes




Gender, type of degree, field of study, and
nationality.
Gender is not a significant factor. Field of study is significant. Graduates of
private university have a higher probability of finding a job in a shorter time.
Older graduates take longer time to find a job. 50% of graduates need at least
three months to find a job.
(Lim and Y.-M. Lee 2019),
South Korea
Gender, cohort, program length, major, lo-
cation, GPA, self-management competen-
cies and employment preparation skills.
50% of graduates need two months to find a job. The average time for graduates
to find a job was 8.35 months.
(Niragire and Nshimyiryo
2017), Rwanda
Gender, age, year of graduation, major,
GPA, further studies, search method, em-
ployer status at first recruitment, type of
the first job, assessment of obtained skills
in employment and the monthly salary.
Significant factors: age, job search method, obtained skills, advanced studies,
monthly wage and employer’s categories. 24.4% of survived graduates had more
than six months of unemployment period
(Mncayi and Dunga
2016), South Africa
Age, major, race, degree type and use of
career guidance
Significant factors: major. About 19 months for graduates in public management,
public administration and politics majors. About 11 months for graduates in
human resources, industrial psychology and labour relations.
(Flek, Hala, and Mysikova
2015), Spain and the
Czech Republic
Gender, age, family size, education level,
gender and households.
Being in unemployment period for more than a year may decrease the probability
of finding a job. Having higher degree shortens the unemployment period. 50%
of graduates in Czech need six months in 07/08 and 9 months in 09/10. 50% of
graduates in Spain need seven months in 07/08 and 16 months in 09/10.
(Sam 2017), Cambodia. Gender, age, marital status, major, type
of degree, study mode, type of university,
high level of education, birthplace, infor-
mal job network, training and intern-ship
Facing a financial difficulty may end graduates to accept any job regardless the
educational matching. Mismatching increases the unemployment duration. In
average graduates need about two months to find a job (the work focus on the
mismatching issue).





























Table 4.1 – continued from previous page
Study Authors Independent Variables Obtained Information
(Teyssier, Nawal, et al.
2015), Morocco
Gender, age, training level, training oper-
ator, parent employment status and em-
ployment sector
Graduates in the highest vocational training levels struggle to get a job. In average
males need 16.3 months and females need 19.3 months to get a job.
(Biggeri, Bini, and Grilli
2001), Italy
Gender, age, military service, type of
school certificate, final mark and residence.
The possibility of finding a job decreases over time. Location of HE intuitions
has an impact on finding a job. Male graduates have better chance to get a job
than female graduates. The final mark effects positively on graduate employment,
while military service delay the graduate employment. Females and males (who
did military service before degree) have the same estimates of hazard function
interpret
(Ismail and Kollamparam-
bil 2015), South Africa
Gender, age, education, marital status, ad-
ditional income, work experience and loca-
tion.
In average married people need more time than single graduates to find a job.
Younger people have better opportunity to exit the unemployment. The proba-
bility of finding a job diminishes over time. The longer the unemployment period,
the less possibility of getting a job. Average time until first employment is 19.58
months.
(Aguilar et al. 2018),
Spain
Gender, age, education level, professional
group, parent’s highest level of education,
previous professional experience, values,
priority during last four years and geo-
graphical area.
Educational vocational training is not significant. Professional group has a signif-
icant impact on the probability of getting a job. Females are less likely to leave




Gender, residency, discipline, nationality,
type of degree and enrolment time.
Gender and nationality have insignificant impact on the unemployment period.
Residents of the province of Perugia have a better chance to get a job. As the
person gets older, the probability of getting a job decreases. Average time until
first employment is about 18 months.





























Table 4.1 – continued from previous page
Study Authors Independent Variables Obtained Information
(Barros, Guironnet, and
Peypoch 2011), France
Gender, study length, wage, overeduca-
tion, workplace, search-for-a-job, past-job,
training, study-type, parent-education,
firm-size and army-serve.
Gender and past-job have insignificant impact on unemployment period. Over-
education and searching for a job decreases the unemployment period. Maximum
waiting period is 26 months.
(Pozzoli 2006), Italy Gender, age, military service, university fi-
nal mark, high school mark, type of high
school, discipline, parental education and
university location.
Males are more likely to get a job than females. Older graduates are less likely
than younger graduates to exit the unemployment period. Parent education and
occupation have a positive impact on the probability of employment. Attending
a university in the North of the country reduce the unemployment period. The
university final mark does not show a significant impact on the duration of un-




Gender, age at graduation, highest level of
education, the percentage of search chan-
nels used, work-experience, institution’s
reputation, field of study and country.
Graduates of southern European countries struggle to find a job in compare with
their counterparts in north of Europe countries. Male graduates are more likely
than female graduates to find a job. Using more job searching methods increases
the employment probability. The probability of employment is positively affected
by the educational level of the parents. Having work experience in the same field
of study reduces job search period. Older people at graduation are more likely to
have a long period of unemployment. The field of study has a significant impact on
the unemployment period. The average duration of unemployment of 1994-1995
graduates in Europe is six months in total samples, longest of about a year in
Spain and the shortest average duration was about three months in Norway.
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This chapter investigates the part of student transitions in Omani Higher Ed-
ucation, namely the transition to the labour market. Investigating this period is
conducted by using Omani graduate survey data.
4.1.2 Statement of the Problem
Higher Education expansion results in increasing the number of graduates, which
may not fit properly in the labour market in an acceptable period, for example within
6 months. As there are plenty of graduates every year, the accumulated number of
unemployed graduates may increase the time until first employment creating another
problem that of losing acquired skills. As part of the series of reforms that followed
the events of the Arab Spring in the Sultanate, His Majesty directed the Omani
government to employ 50,000 job seekers in the governmental sector on February
27, 2011, (“His Majesty orders jobs for 50,000” 2011)1. These reforms or the creation
of opportunities for job seekers have been ongoing, albeit at a lower pace. The most
recent of which was the announcement by Oman’s Council of Ministers on October
4, 2017 of a plan to employ 25,000 job seekers in the private sector, (“25,000 Jobs
for Omanis in Public, Private Sectors” 2017). In spite of two decisions in 2011
regarding of recruiting graduates into the public sector and in 2018 regarding of
employing graduates into the private sector (at first stage of the plan), the problem of
distributing new students to disciplines in HE seats in a way that ensure employment
within an acceptable period still disturbs the decision makers. However, expansion of
Higher Education is not the only reason for not being employed in a short time frame,
as there are other factors may have an influence on the transition period in terms of
employment status and duration. For example, gender, discipline, and qualification.
Policy-makers need to be aware of the length of graduate unemployment and factors
associated with this before determining admission size in HE. Hence the purpose of
this study is guiding policy-makers in deciding the number of admitting students in
terms of number and gender in each discipline.
The problem lies in the search for a solution to the issue of unemployed graduates
who accumulate annually through the amendment of admission policy in higher
education.
1The article has been accessed in 20th of December 2017 through https://www.pressreader.
com/oman/oman-daily-observer/20110228
CHAPTER 4. TRANSITION TO THE LABOUR MARKET 184
4.1.3 Chapter Overview
The main goal of this chapter is to investigate the transition period after grad-
uation for a better understanding of the influential factors on time till employment
and change on employment status as well. This chapter consists of 8 sections,
starting with the introduction to the research topic on graduates transitions to the
labour market. The second section review the youth unemployment duration. The
third section reviews the previous studies on investigation graduate transition to
the world of work and the most used factors in such investigation. The fourth,
fifth and sixth section represent the chapter focus of study, research objectives and
study significance respectively. The seventh section presents the methods used to
accomplish this study, including the use of logistic regression modelling to find the
most significant covariates on change of graduate employment status. While the
other part illustrates the survival analysis on graduates waiting period to get the
first employment. The seventh section, also, presents the outcomes of both parts.
The last section summarised the result and concluded the chapter.
4.2 Youth Unemployment Duration
The waiting period for a job is one of the most complex and important periods
in a graduate career life. The Australian Parliament defined this period as the
time spent by the unemployed person in active search for work and the ability to
start work immediately (if any). It is also called a long-term period if it exceeds
12 months and 27 weeks in US, (Vandenbroek 2018). This difference in defining
the long-term of unemployment might be due to the different unemployment rates2
of youth (15-24)in each country. While Australia’s youth unemployment rate was
11.8% in 2018, the rate was 8.6% in US for the same year, (OECD 2019). In Oman,
this percentage was 8.3% in 20183. However, this does not mean a country performs
badly employing young job-seekers, as there is a need to consider that graduates
(for example) need to wait a while for finding the first time job.
According to the National Centre for Statistics and Information (NCSI) in its
2015 statistical bulletin, half of the young Omani job-seekers need to wait three and
a half years to obtain a job 4. The reason behind this delay according to the Omani
Ministry of Manpower is that Omani job-seekers prefer to wait for a government job
2Unemployment Rate is the percentage of unemployed people dividing by the labour force which
consists of the total of employed and unemployed people, refer to https://investopedia.com.
3Refer to The World Bank https://data.worldbank.org
4Times of Oman Newspaper dated on February 9, 2016 and accessed on November 3, 2019.
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rather than joining the private sector5.
The 2017 data (refer table 4.2) shows a difference among OECD countries in
the period of youth unemployment, which is evident in the average waiting period
or even in the percentage of unemployed according to the waiting time. Canada
had the lowest average waiting period, its young people need less than three months
to get their first job. Followed by Finland with an average waiting period of about
four months and 60% of employed youth are employed within the first three months
of being unemployed. The last country in the table is the Slovak Republic where
youth people need almost a year to get a job as most of them (44%) are employed
in a period of a year or more.
The three and a half years (42-month) waiting period for a job in Oman is much
longer than the waiting period in Slovak Republic by about the double. This a long
waiting period in Oman will increase if there is no solution. The problem now goes
beyond being unemployed job seekers with a long waiting period to the associated
loss of money and loss of knowledge and skills acquired.
From these data, it is clear that the employment of young people in countries
with low waiting times has taken place during the first three months of unemploy-
ment and vice versa. Therefore, it is important to recruit young people within a
reasonable period and not in the longer term.
Table 4.2 Distribution of Youth Unemployment% (Aged 20-24) in 2017
Country/ Duration
(in months)
< 1 > 1 and < 3 > 3 and < 6 > 6 and < 12 ≥ 12 Average
Duration
Australia 22.0 17.1 16.4 21.6 22.9 8.8
Canada 45.8 28.4 12.6 6.0 7.1 2.9
Czech Republic 12.5 16.6 24.3 24.5 22.2 9.9
Finland 18.4 41.6 19.8 11.4 8.7 4.1
France 7.2 23.5 20.4 19.1 29.8 9.4
Hungary 23.4 15.8 15.5 21.3 24.1 7.7
Norway 34.9 22.0 15.5 18.4 9.2 5.5
Slovak Republic 14.7 11.3 12.2 17.7 44.0 23.6
United States 36.5 31.9 13.8 7.8 10.0 4.1
Data extracted on 03 Dec 2019 from OECD.Stat.
This section focused on the category of young people, which includes graduates
and non-graduates since such international reports may not usually address such de-
tails. The proposed study tends to analyse the role of Higher Education in meeting
labour market demand for graduates. Such analyses require investigating the grad-
uate (un)employment rates as well as the length of time a graduate is waiting for a
5Same source as above.
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job (unemployment duration). Therefore, the next section review the literature in
terms on graduate unemployment period, which involves the graduates employment
probability.
4.3 Literature Review
The literature can be classified according to the variables (factors) included in
the analysis. One of the most important topics of interest to the higher education
sector is the issue graduate employment. Increasing the admission capacity in higher
education led, of course, to an increase in the number of graduates, which resulted
in an increase in the period of the graduates waiting for employment compared
to the past ease of entry of graduates to the labour market, (Salas-Velasco 2007).
Therefore, many research projects have been implemented in this regard in order
to identify the factors affecting graduate transitions into the labour market (Canal
Dominguez and Rodriguez Gutierrez 2019; Lim and Y.-M. Lee 2019; Niragire and
Nshimyiryo 2017; Sam 2017).
Moving from education to work is a crucial stage in the life of a young person
who aspires to a job that meets their expectations. This transition is, also, one of
the most important challenges facing students after graduation, as they may stay
a longer time than expected in this stage. Several studies have been conducted on
examining this period worldwide and found that several factors could effect on this
period. The studies presented in analysing this period share a number of variables,
even if they differ in their results. Factors researched include gender, graduate age,
chosen discipline, job search techniques and graduate obtained skills.
4.3.1 Gender
Gender is used widely and its difference examined in this stage of student transi-
tion to the labour market. When the difference between sexes exist, males are more
likely to get a job than females (Pozzoli 2006; Salas-Velasco 2007; Biggeri, Bini, and
Grilli 2001; Aguilar et al. 2018). The difference between gender in the time taken
to get a job is not always significant (Canal Dominguez and Rodriguez Gutierrez
2019; Mncayi and Dunga 2016; Sciulli and Signorelli 2011).
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4.3.2 Graduate Age
Graduate age tends to be an important factor in analysing the unemployment
period. When the impact is significant, older graduates take longer time to find a
job (Canal Dominguez and Rodriguez Gutierrez 2019; Ismail and Kollamparambil
2015; Sciulli and Signorelli 2011). Graduates and policy-makers should be aware of
the difficulty in obtaining a job whenever time passes for a graduate without a job.
Also bear in mind that a graduate after a period of time is in a critical situation,
neither are there new graduates nor do they have previous experience. So it is
perhaps very important to put the age factor among the most important factors in
this study.
4.3.3 Chosen Discipline
Discipline chosen is another important factor as it may have a direct impact
on graduate employment. For example, employment of a certain discipline (e.g.
medicine) is faster than other disciplines such as education. The importance of
this factor comes from the fact that policy-makers can adjust the admission to a
particular discipline to match with the actual demand of its graduates. While the
discipline is significant in a number of studies (Canal Dominguez and Rodriguez
Gutierrez 2019; Mncayi and Dunga 2016; Salas-Velasco 2007), it is also appear to
be insignificant in other studies (Niragire and Nshimyiryo 2017). However, due to
the importance of discipline in planning admission into the higher education system,
the discipline is included in the analysis.
4.3.4 Job Search Techniques
One effective way to shorten the unemployment period is through using several
several methods to search for a job, whether by applying directly to workplaces or
even following vacancy announcements. The use of job searching methods has a
significant impact on the waiting period for a job (Niragire and Nshimyiryo 2017;
Barros, Guironnet, and Peypoch 2011; Salas-Velasco 2007), such methods decrease
this period and increase the employment probability.
4.3.5 Obtained Skills
The importance of obtained skills during education rises from the fact that em-
ployers are more concerned with what graduates can do than what they have learned
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(Niragire and Nshimyiryo 2017). However, graduate’s exposure to the loss of his ac-
quired knowledge and skills the longer this period, (Salas-Velasco 2007; De Grip
2006). The obtained skills are important factors and have an impact on the unem-
ployment period (Niragire and Nshimyiryo 2017). It has been noted that inclusion
of obtained skill variables was taken more in analysing the mismatch between the
acquired skills during education and the required skills at employment. These are
the most important variables whose impact on the unemployment period will be
studied in this chapter, in addition to other variables that will be discussed later.
The importance of such studies lies in their ability to give an initial picture of status
quo, in terms of the length of time spent by graduates in a waiting period for the
job and the factors affecting it, such as gender, age and major.
There is no doubt that the employment rate of students and the time spent
on waiting for a job are indicators of the higher education ability to absorb the
successive changes in the labour market. Availability of such information in Oman
will be a catalyst for decision-makers and parents in terms of selection of disciplines
and the size of admission in each discipline.
4.3.6 Level of Education
The educational level is among the factors affecting a graduate’s obtaining a job.
One study investigates the unemployment period for PhD graduates in Canada, find-
ing that in spite of the large number of employed graduates within just a few months,
the median was more than fifteen months (Betts, Ferrall, Finnie, et al. 2000). . To
do so, survival analysis approaches have been used like Kaplan-Meier Estimates
and proportional hazard model. In a similar study analysed Italian graduates’ data
by using a three-level discrete time survival model, which also found that doctoral
graduates spend less time than other levels of study in obtaining the job, (Biggeri,
Bini, and Grilli 2001). The length of time spent by a doctoral student waiting for
a job can be linked to a number of factors, including that doctoral students are
usually associated with a particular job (eg academic interns). The experience they
gained from their previous work created employment opportunities in a short period
of time (Biggeri, Bini, and Grilli 2001). However, a question arises whether there
are other factors that have been overlooked by the researcher, such as the nature
of specialisation, age, previous job, permanent address. There is no doubt that the
enumeration of all factors may not come easily because of the quality and availability
of the required data, which are usually compiled by graduate surveys.
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4.3.7 Graduate Surveys
Surveys are one of the means of obtaining data in addition to individual or ag-
gregated records of different types which can be administrative, academic or civil. In
the context of graduates of higher education, many countries and research and uni-
versity institutions have made surveys aimed at their graduates in order to identify
their most important characteristics in terms of study, job waiting and employment.
The results of which will be used later to feed policymakers the most important
results of these surveys. This section reviews the most important graduate surveys
projects in the world, with a focus on questions related to the waiting period of the
job.
The use of data from the graduates’ survey has been widely used in analysing
the period of the graduates waiting for employment. (Teichler 2007, p.12) noted the
importance of graduate surveys in providing detailed information on the relationship
between the outputs of higher education and the labour market. However, these
surveys suffer from several aspects of three deficiencies (Teichler 2007). The first
was the shortness of survey questions, which result in providing limited information.
Second, some surveys focus on individual institutions or even specific disciplines,
which does not give an overall practical picture of the reality of graduates transitions
to the labour market. The last point is the need to take into account the timing
of the survey and the target group of the survey, as immediately surveying after
graduation may not give a complete picture of the transition of the graduate to the
labour market (Teichler 2007).
Chuang (1999) used the data of Taiwan graduates to identify the most important
factors affecting the waiting period for the job. For this purpose, the method of
survival analysis with Exponential and Weibull models was used. Chuang 1999
claimed that the personal characteristics (age, gender, major, marital status and
military duty completed) of the graduate as well as the methods used in the search
for a job tend to be the most significant factors on unemployment duration, while
family background was less significant.
In the analysis of the unemployment period in Spain, (Lassibille et al. 2001)
used data of graduates in four levels of education; Compulsory, Upper-secondary,
Vocational and Higher Education. The result of their analysis were estimated by
using a multinomial logit model. Lassibille et al. (2001) found that family background
has not shown any effect on this period. Human capital and educational level have
a significant impact on the waiting period as those with a low level of education
are less likely to find a job in a short time. The young females spend more time
waiting for a period in comparison with their male counterparts, (Lassibille et al.
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2001).)
Teichler 2007 defined three areas for graduates success in the CHEERS study6;
the transition from education to work, employment and work. Due to the aim of the
proposed study in this chapter, emphasis will be placed on the first point, which
is the transition from education to the labour market. (Teichler 2007) noted that
the study of success at this stage consists of three basic points, which are also key
issues in the proposed study. The first one is time spent in the waiting period for
the first-time job. The second point is the effort that graduates made to search for
a job. The third one is activities conducted before employment. The question here
is how to measure this success by using graduate survey? Or in other words, how
the transition period can be investigated by using the graduate survey data?
By using a graduate survey across nine European countries,(Salas-Velasco 2007)
used the CHEERS data to study the main factors on graduates transition to the
labour market in Europe. To analyse the determinants of the unemployment period,
parametric survival models were used and it was found male graduates needed less
time than female graduates to find a job and parental education has an impact as
well (Salas-Velasco 2007). It was also found that there is a difference between those
graduating from North and South of Europe with graduates from Northern coun-
tries being employed more quickly than those from Southern countries, were these
differences in unemployment rates between southern and northern countries.
A considerable amount of literature (Canal Dominguez and Rodriguez Gutierrez
2019; Lim and Y.-M. Lee 2019; Niragire and Nshimyiryo 2017; Mncayi and Dunga
2016; Mncayi and Dunga 2016; Teyssier, Nawal, et al. 2015) has been published on
the use of the graduate survey to investigate the transition period from graduation
until the first employment. These studies focus mainly, as indicated before, on
estimating the time spent in this period and the main influencers on the length of
this duration.
To examine the transition from education to work in Italy and finding the de-
terminants on this transition, Pozzoli carried out two studies on the 1998 Italian
graduates by using parametric and semi-parametric discrete-time single risk model
in 2006 and non-parametric discrete time single risk model in 2009. Both studies
found that female graduates need more time to get employed, and graduating from
Northern universities increases the duration of the waiting for the employment. The
work of 2006 found that being older or graduating in Humanities and Social sciences
will reduce graduate opportunity to get employed.
6CHEERS is an European Research Survey investigate the Careers after graduation, targeting
European graduates in Higher Education in 12 countries. More detail of the project is available in
http://www.qtafi.de/cheers-european-graduate-survey.html
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Increasing the number of unemployment among young people in Albania led to
an investigation of the main factors that could affect the transition from school to
work, (Alikaj and Shehaj 2015). A survival model has been used to find those factors,
which are age, education level and type of profession. The time until getting a job
decreases as the graduate age increases (Alikaj and Shehaj 2015), which is contrary
to the result claimed by (Pozzoli 2006), that being older will delay hiring. However,
variation in the effect of age variable can be due to other factors like gender, major
and type of work.
A recent analysis on investigating the transition period of Art graduates in Sri
Lanka used different approaches of survival analysis7 in order to find the signifi-
cant factors on graduates transition to the labour market, and it was found that
a log-normal AFT model was the best in fitting such model stating that only two
covariates are significant on the first employment, which are the required qualifica-
tion and employment sector Jayamanne and Ramanayake 2017. Similar to previous
work in the literature, they found that female graduates spend more time than male
graduates waiting for the first employment. Other significant factors were GCE Ad-
vanced level English grade, degree type, educational qualification. They emphasised
the importance of the English skills on finding a job in a shorter time. However,
the English skills in this study Jayamanne and Ramanayake (2017) were measured
by the academic grade, while the proposed study intends to use a graduate self-
assessment in evaluating English skills. English skills are considered due to their
importance on graduate employment, as most of employers (specifically in private
sector) require a certain level of English proficiency. Also, the English language
comes second after the Arabic language in its common use in Oman.
From the previous literature, it is clear that most studies of the period from
graduation to obtaining the first post are concentrated in two main aspects. The first
one is the estimation of this period which is usually derived using survival analysis.
The second aspect is to determine the most important factors given data availability
affecting the length of this period, including qualification, specialisation, sex and
age. Several studies have pointed to the importance of these skills in enhancing
the chances of the graduates to obtain a job. It is noted that the issue of skills
both acquired during the study and required in the labour market has not been
addressed fully in the literature.It is clear that the skills variables could be crucial
in the employability of graduates. Therefore, the proposed study will included the
two skills components in the analysis, obtained skill variables and required skill
variables, to investigate their impacts on the waiting period of the graduates for
7These are a non-parametric (Kaplan Meier estimate), semi-parametric (Cox proportional haz-
ards regression model) and parametric (Accelerated Failure Time Models) methods.
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employment.
In conclusion, these studies show that the transition from education to work
can be investigated by using different methods of survival models, which are non-
parametric, semi-parametric and parametric methods. This review has demon-
strated that different covariates can be used to evaluate their effect on the transition
period, but mainly gender, age, family background, and discipline. So far, all studies
confirmed that female graduates take more than males to get employed. A further
investigation may be needed to shed light on the reasons behind this outcome. How-
ever, this will be left to future research. It has been noted that graduate’s skills are
important but none of the reviewed literature includes them in the survival analysis
to determine whether skills make a difference to the transition period.
The thesis investigated the graduate transition to the labour market in Oman
by using the data of two graduate surveys 2015 and 20178. The skills variables are
included in the analysis, to see their impact on the transition period, or in particu-
lar do graduates assess the obtained skills differently according to the employment
status.
4.4 Focus of the Study
The focus of this study is on investigating the waiting period between graduation
and the time of first employment. The investigation involves analysing the time
spent until the first employment, and the main determinants on this time.
4.5 Research Objectives
The chapter has two main aims. In the first aim, the employment status is
examined by finding the influential variables on the employment probability and
find the difference if exist between males and females and between disciplines. The
second one is to investigate the impact of possible determinants on unemployment
period. Such analysis aims to find the difference in the unemployment period be-
tween different groups of graduates in terms of gender, disciplines and the method
used to look for a job.
8The candidate was among the first trained team to conduct the graduate survey in Oman in
2008, then he left the team for studying the master’s degree, and back again in 2011 to work on
analysing the data of 2010 graduate survey of private higher education.
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In addition to these aims, the study has a goal of improving public understand-
ing of the employment duration by developing a framework for graduates transitions
in Oman. The study, also, aims to inform HE policy-makers of influential factors
on graduate employment, which can be used later to modify Higher Education ad-
mission accordingly to decrease the waiting time for the first employment. To this
end several hypotheses were proposed.
1. H1: Employment status is the same for male and female graduates.
2. H2: Time until first employment differs between males and females.
3. H3: Graduates of different disciplines exhibit different statistical characteristics of
waiting time.
4. H4: Employment status does not affect on graduate assessment to the acquired skills
during higher education.
5. H5: Using of job searching methods have similar impact on the unemployment period.
4.6 Study Significance
The chapter is significant in two folds. Firstly, as far as the author is aware
from reviewing the literature, there has been no previous statistical modelling of
time spent till first employment after graduation in the Omani context. In addition
to the descriptive analysis of graduate surveys by the Ministry of Higher Education,
using their own survey data recent works on Omani graduates also involved a simi-
lar analysis to the ministry’s work. For example, (Al Mahrooqi and Denman 2016)
surveyed 321 graduates working to recognize the importance of English in communi-
cation in the workplace. A descriptive analysis (mean and standard deviation) has
been used to achieve the study aim. Working graduates believe in the importance of
English skills in the labour market (Al Mahrooqi and Denman 2016). (Al Mahrooqi
and Denman 2016) stated that graduates are lacked to these skills. Similarly, A de-
scriptive analysis has been used to answer the research goal, because of incomplete
data of each company (Kemp and Madsen 2014) . (Kemp and Madsen 2014) used
another source of graduate survey (Zawaya database9) to investigate the presence
of females at senior and manager level in private companies. The main finding was
that the females can be found in a small percentage in senior and managerial levels,
which may not exceed 8% in best cases. Reviewing the literature on graduates of
9Zawaya is an electronic database that provides data and economic indicators for the Arab
countries, which are known as the Middle East and North Africa (MENA) countries, https:
//www.zawya.com.
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higher education in Oman shows that there is no such study investigate the period
after graduation.
The literature shows that there are several works have been implemented in
different purposes by using a data sources from graduate survey. Several studies in
world wide have used the data of graduate survey for various purposes.
In Africa, in order to identify the most important factors affecting the period
of unemployment of graduates, (Niragire and Nshimyiryo 2017) tracked the data
of graduate cohorts between 1998-2009 at the National University of Rwanda. For
this purpose, (Niragire and Nshimyiryo 2017) consider the unemployment period
of more than six months as a long term, which was used as a dependent variable
in building the binary logistic regression model. Academic grades and discipline
did not influence the unemployment period, however, as the used survey involves
employer responses it was claimed that hiring in the public sector is more likely than
in the private sector (Niragire and Nshimyiryo 2017). In another study, descriptive
statistics (percentage of each group of graduates) were used on graduate survey
data of the Record and Archives Management (RAM) at the National University
of Science and Technology in Zimbabwe where the employment of RAM graduates
and their assessment of the acquired skills during HE were investigated (Noko and
Ngulube 2015). More than 60% were employed and they stated that the acquired
skills are relevant to their work but they lacked training to enhance their skills.
These two examples in Africa showed that the graduate survey can be used to
answer research questions on graduates employment and the skills linked to their
work.
The graduate survey is used also to find the most significant factor predicting
student success (graduation). Such studies of graduate survey are limited as the mea-
surements used are solely self assessment (Biller et al. 2015). To find these factors, a
multiple regression analysis on graduate survey of three academic years in Germany
was used (Biller et al. 2015). The main finding was that it is possible to identify a
model to predict study success, and hence the number of expected graduates (Biller
et al. 2015). In Italy, the graduate survey was investigated to find whether or not
graduates of private HE institutions have a better chance to enter the labour market
(Triventi and Trivellato 2012). An Italian graduate survey data set collected in 2007
was used to examine preference for employment but found graduates from private
HE institutions were not given preference for job opportunities.
The published reports of similar graduate survey data, involve only descriptive
statistics. This study is also significant in terms of including two extra groups of
variables to analyse graduate waiting period. The first group involves the variables
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of the acquired skills during education. The other group consists of the variables of
the methods used to look for a job.
4.7 Method
In order to obtain data, surveyed Omani graduates were asked about being
unemployed after graduation in the graduate survey with five options and selecting
only one of them. The question appears in the 2015 graduate survey (refer to table
(4.3) as the third question in section D (Graduation: continuing study or training
or work), and the second question in the 2017 graduate survey in the same section
of the period after graduation.
Table 4.3 GS15 Question on the Time Until first Employment
The Question Options





More than 12 months
The 2017 graduate survey specified the unemployment period of more than
12 months to three options; (1-2) years, (2-3) years and more than three years.
This period will be converted to a month unit rather than a year unit to unify the
measurement used in the analysis (refer table 4.4). Bear in mind that unemployed
graduates will escape this question as this question is answered only by employed
graduates. However, for analysis purpose, unemployed graduates will be considered
as in unemployment period of more than the time period between graduation and
the time of conducting the survey.
Table 4.4 GS17 Question on the Time Until first Employment
The Question Options







More than 3 years
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Unlike in other surveys, defining the unemployment period as the period spent
by graduates until obtaining the first job, in Oman this point was neglected and
this definition was expanded to include any job opportunity graduates could get,
whether it was temporary or permanent, full-time or part-time jobs. This expansion
of defining the unemployment period would give inaccurate indicators of the employ-
ment progression of Omani graduates. Temporary jobs are not secured and do not
guarantee the graduate job stability, which will result in the graduate returning to
the unemployment status.
4.7.1 The Data
The data used in this chapter were obtained from the Omani graduate survey,
which was conducted in 2015 and 2017 as those surveys involve graduates of all
HE institutions in Oman not just the private institutions as in 2010 survey or only
colleges of applied sciences as in 2012. The data used in this chapter comes from
the graduate survey of Omani graduates. Only the recent two surveys are con-
sidered in the analysis (2015 and 2017 Graduate Surveys). Since the study aims to
investigate graduates with bachelor’s qualifications and examining the difference be-
tween disciplines, the study was limited to only students who obtained a bachelor’s
degree.
The graduate survey is crucial in identifying the most important characteristics
of these graduates and the difficulties they may face after graduation to obtain a
job opportunity. These surveys also provide feedback both to policy-makers in the
education sector and to educational institutions in order to develop the educational
process.
Due to the importance and positive impact of such surveys on planning higher
education, the Omani government represented by the Ministry of Higher Education
carried out a number of surveys for graduates of higher education in Oman. Table
(4.5) indicates the surveys that have been implemented so far, as there is a plan to
have such a survey on a regular base.
CHAPTER 4. TRANSITION TO THE LABOUR MARKET 197
Table 4.5 Conducted Graduate Surveys
Survey Target Years Target Population
2010 2003/2004, 2004/2005, 2007/2008 Only Graduates of Private HE institu-
tions
2012 2009/2010, 2010/2011 Only Graduates of Colleges of Applied
Sciences
2015 2009/2010, 2012/2013 All Graduates
2017 2013/2014, 2014/2015, 2015/2016 All Graduates
2019 2016/2017, 2017/2018 All Graduates
Two surveys are included in this chapter, the 2015 graduate survey (GS15) and
the 2017 graduate survey (GS17). Selection of these two surveys is due to their
target population of all graduates in target years, rather than selecting graduates of
a particular group of HE institutions. To clarify, in 2010 and 2012 graduate surveys,
the target populations were graduates of private HE institutions and graduates of
College of Applied Sciences (CAS) respectively. At the time of conducting these
analysis MoHE conducted the most recent survey, the 2019 graduate survey. How-
ever, access to the recent survey had not been granted at the time of completing
this thesis.
The selected surveys (2015 and 2017) have been combined in one dataset with
a variable of (Graduate Survey), which has a value indicates the linked survey. The
survey targeted 61264 graduates, who graduated in the targeted academic years.
With a response rate 42%, only 25550 graduates completed the survey questionnaire.
GS17 has 58 questions (refer table 4.6) and produced more than 205 variables, while
GS15 had 67 questions.
Table 4.6 Questions Distribution on Survey Sections
No. Section GS17 GS15
1 General Information 3 17
2 Study after High School 8 9
3 Training During Education 10 5
4 After Study 26 25
5 Training/study during work 11 11
Total 58 67
The data used in the next analysis involves only those graduates who indicate
their status as either Employed or Unemployed among Omani graduates with a
Bachelor degree. These categories together present an 88.7% of the total number of
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participant graduates 15223, summing up with 13,510 graduates10 (refer table 4.7).
Exclusion of other categories of employment status is because the study aims to
measure the impact of obtaining a degree on graduate employment.
Table 4.7 Participated Graduates by Employment Status After Graduation
Status After Graduation GS15 Graduates(%) GS17 Graduates(%)
Unemployed 3,415 (46.7) 9,770 (64.2)
Employed 3,307 (45.2) 3,740 (24.6)
Same job with same employer 378 (5.2) 1,337 (8.8)
Different job with same employer 219 (3.0) 0
Continuing full-time study 0 225 (1.5)
Neither looking for job nor studying 0 151 (1)
Total 7,319 15,223
4.7.1.1 Validating the Graduate Survey
Two graduate surveys are involved in this study, which were conducted in 2015
and 2017. Both survey were managed by the Omani Ministry of Higher Educa-
tion. The surveys were dilevered in an electronic form through the Omani Graduate
Survey System website at http://www.ogss.gov.om.
In both surveys, the questionnaire was designed by using the European ques-
tionnaire (CHEERS) (Mora 2007), and it was modified to fit in the Omani context.
The questionnaire was then presented to 10 academics and specialists in the higher
education sector in order to evaluate the questionnaire according to a list of crite-
ria:
• Length of the survey.
• Simplicity of language used.
• Clarity of language used.
• Questions are arranged in a logic way.
• Time needed to take the questionnaire is suitable.
• Answering Questions is straightforward.
• The questions are designed to provide relevant, accurate and clear answers.
A sample of 50 graduates were also invited to test the questionnaire in its elec-
tronic form before applying it officially. Selecting these graduates took into account
representation of the target population in terms of gender, qualification and ed-
ucational institution. The outcomes of the questionnaire were then analysed by
10This is the number of only Omani graduates with a Bachelor degree.
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measuring the internal consistency of the questions by using Cronbach’s alpha. The
internal consistency scores more than 0.7 in the 2015 survey, which indicates that
questions are consistent, (MoHE 2016). In 2017, it has been indicated that Cron-
bach’s alpha value was adequate for the survey without stating the obtained value,
(MoHE 2018b).
For the obtained data of employed and unemployed graduates as in table (4.7),
there are two groups of questions. These groups are obtained skill variables and
required skill variables. Measuring the internal consistency of the selected group of
skill variables, shows that Cronbach’s alpha has a value of more than 0.9 in all groups
indicating that involved questions are suitable for the proposed analysis (refer table
4.8).
Table 4.8 Cronbach’s Alpha for Skill Variables
The Survey/Variables Obtained Skills Required Skills All Skills
2015 Survey 0.912 0.956 0.937
2017 Survey 0.937 0.939 0.947
Both Surveys 0.917 0.974 0.958
Before going further in the analysis it worth examining the difference between
employed and unemployed graduates in terms of various variables.
4.7.1.2 Preparing the Data for the Analysis
To conduct the survival analysis, the data needs to be processed first in order
to fit with the model used in the analysis. The time till employment variable comes
in a range of formats, which need to be adjusted in two parts (variables); lower and
upper bounds (refer table 4.9).
Table 4.9 Employed Graduate Waiting Period Boundaries
Interval in months Assumption Lower Bound Upper Bound
1-3 0 ≤ x <4 1 3
4-6 4 ≤ x < 7 4 6
7-9 7 ≤ x < 10 7 9
10-12 10 ≤ x < 13 10 12
13-24 13 ≤ x < 25 13 24
25-36 25 ≤ x < 37 25 36
37-48 37 ≤ x < 48 37 48
Except the first interval which begins immediately after graduation,
only complete months determine the waiting period boundaries.
The exact date of graduation is not available as the survey conductor emphasised
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only on the year of graduation. Consequently, computing the time since graduation
till employment for employed and till the survey time for unemployed becomes
problematic. To overcome this problem, as most of the higher education institutions
in Oman (at least public institutions) give a notice of graduation within the month
of July every year. So, it may be better to assume that 1st of July in each year as
a graduation date, hence all the following calculation will rely on this date.
In the case of those graduates who are not employed during the time of the
survey but can be employed in the future, an approximate date of the survey is
needed. For example, GS17 was held from 1st to 31st of January 2017, so the date of
1st of January 2017 is used as a base of calculating the lower bound of unemployed
graduates. While the upper bound is infinity (inf) to indicate the censored data
(refer table 4.10).
Table 4.10 Unemployed Graduate Waiting Period Boundaries
Graduation Year Graduation Date Survey Date Lower Bound
2009/2010 01-July-2009 01-01-2015 66
2012/2013 01-July-2012 01-01-2015 30
2013/2014 01-July-2013 01-01-2017 42
2014/2015 01-July-2014 01-01-2017 30
2015/2016 01-July-2015 01-01-2017 18
Time in months.
Two new variables are created for lower bound and upper bound of time till
employment. In addition to these two variables, another variable is included, namely
the number of graduates in each year by major and gender who held a Bachelor
degree, which is called cohort size. Data for this variable is obtained from the Higher
Education Statistical System in the relevant year of graduation. Thus, the date is
ready for analysing the time until first employment by using survival analysis.
Fifty three graduates stated that they got their first job in more than 36 months.
However, the data cleaning process shows that this was not correct for those grad-
uated in 2014/2015 and 2015/2016 as the time period between graduation date and
the survey date was less than 36 months. So, a correction is needed here to make the
data reasonable. Employed graduates in 2013/2014 they have a maximum period
of 42 months, so the period would be as it is between 37 and 48 months. While
employed graduates in 2014/2015 and 2015/2016 graduates have a maximum period
of 30 and 18 months respectively. The least period will be assigned for each group
of graduates.
Other variables included in the analysis are demographic, academic and skills
variables (refer table 4.11). First set consisted of gender, marital status, age-range,
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address. Second set included discipline, high-school score and academic assessment.
Third set involved the variables related obtained skills in HE and required skills in
the labour market, beside the searching methods used to look for a job.









Is the graduate male? 1 for male and 0 for female
ADSCPL
(Discipline))




Is the graduate single? 1 for single and 0 otherwise
AgeRange Age range indicates the range/class of com-
pleted years of age.




Is the graduate’s address in the capital city
(Muscat)?
1 for living in Muscat, 0 otherwise.
GYear Year of Graduation 2009/2010, 2012/2013, 2013/2014,
2014/2015 and 2015/2016.
AYear Year of Admission into a Higher Education
Institution.
1992, 1994, 1996 and from 2000 to 2016.
HSscore High school score rounded to the near-
est integer number and classified, available
only in 2015 graduate survey.
50-60, 61-70, 71-80, 81-90 and 91-100
AcAssmnt Academic assessment grade at graduation,
available only in 2017 graduate survey.




Lower bound of the waiting period for em-
ployment and differ by graduation year and
survey date.




Upper bound of the waiting period for em-
ployment and differ by graduation year and
survey date.
3, 6, 9, 12, 24, 36, 48 and 99 months. 99
indicate censored data (unemployed grad-
uates by the time of the survey).
B7’s Obtained skill variables during Higher Ed-
ucation.
24 variables measured by a four-point Lik-
ert scale
D13’s Required skill variables by employers 24 variables measured by a four-point Lik-
ert scale
srch’s Used method to look for a job. 1 for using the method and 0 otherwise.
The following section will discuss two important parts before conducting the
survival analysis. These two parts are the skills variables of both types (acquired
and required) as well as the methods used to search for a job. For skill variables, a
factor analysis is used to reduce the skills variables dimensionality to be presented
in a few factors rather than 24 skills variables in each type of skills. A clustering
technique is adapted to group the graduates in groups according to the searching
methods they used to search for a job. Thereafter, outputs of these processes are
used as covariates in the survival analysis to examine their impacts on graduate
waiting time for employment.
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4.7.2 The Model
In order to model the time that a graduate takes to get the first job, a number
of techniques are used to enhance the graduate survey data. First, factor analysis is
used to reduce skill-related variables to a small number of factors. Hence, the factors
derived are used in conjunction with other variables in a logistic model (employment
status as a response variable) to show their effect on the employment status of the
graduate. Then, survival analysis is conducted using only the significant variables of
the logistic model. This is due to the preliminary analysis conducted in this study,
which shows that insignificant variables on the logistic regression of employment
status tend to be insignificant in the survival analysis.
Due to analysis restriction, a large number of covariates is not a proper option
to fit the proposed modelling techniques. The method used to build the logistic
regression modelling (glm function of Stat library in R software) with high number
of variables shows a warning message that ‘glm.fit: algorithm did not converge ’
and all variables in the model summary have approximately a value of 1. The case
can be worse as some of the variables are categorical, which will be treated in the
model according to the number of categories. To do so, two different techniques
will be used to reduce the number of variables of skills and job searching methods.
A factor analytic technique is used to reduce the number of skills variables, and a
cluster analysis is used to group graduates according to the methods used to look
for a job.
4.7.2.1 Factor Analysis on the Skill Variables
The survey includes two questions about graduates’ assessment of the skills ac-
quired during education and the skills required in the labour market. Each question
consists of 24 sub-questions. Each sub-question covers only one skill and is repre-
sented as one variable. A factor analysis technique is used to help in explaining and
analysing the skill variables with a fewer, but representative, number of the original
variables.
The skill variables are measure on a Likert Scale (refer table 4.12). For acquired
skills, participated graduates have been asked to what extent have they attained the
skill from their study at college? For required skills, they have been asked to what
extent do they think they need the following competencies in their jobs?
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Table 4.12 Levels of Skill Variables (4-points Likert Scale)
Value Label
1 To a small extent
2 To a medium extent
3 To a large extent
4 To a very large extent
0 Not applicable
-9 no answer
Table (4.13) shows the mean and standard deviation of graduates’ assessment of
the acquired skills during the education, as well as the required skills in the labour
market from employed graduate perspective.
In each case the mean of the skill variables varied between 2.5 and 3.77. However,
the standard deviation suggesting that variation in the required skill was higher than
the one in the acquired skills. This may give a hint as to how the employed graduates
look differently at the skills they obtained during Higher Education and the skills
they believe are crucial in the labour market.
There are 24 variables of each acquired skills during study and required skills
by the employers (refer table 4.13). Both groups of skills variables are a graduate
self assessment. The following section conducts a dimension reduction techniques
to replace the 24 variables by a fewer number of covariates. The most appropriate
practice to reduce the number of variables is via factor analysis. As the questions
of the required skills variables had been answered by only employed graduates, the
following analysis focuses only on the acquired skills variables.
Two tests are commonly used on examining the appropriateness of a factor
analysis. Bartlett’s test for sphericity is used to test the null hypothesis that the
variables are uncorrelated. The other test is Kaiser-Meyer-Olkin (KMO), which is
used to measure sampling adequacy. As the skills variables are Likert questions,
Cronbach Alpha has been used to measure the internal consistency between skill
variables (reliability).
In the following sections, a factor analysis will be carried out on four selected
groups of graduates. Outcomes of factor analysis will be used thereafter as covariates
in the logistic modelling. Then, only the significant factors are included in the
survival analysis of time till first employment.
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4.7.2.2 Clustering Graduates by Methods used to find a job
Graduate surveys data consists of 13 methods used by graduates to look for a
job, table (4.14). Graduates could use more than one method to find a job. In each
method, the question is whether a graduate uses it to look for a job or not. Each
question has two possible values, 1 to indicate that a graduate has used the method
and 0 to indicate that a graduate has not used the method to search for a job.
Table 4.14 Methods Used by Graduates to Look for a Job
No. Searching for job Method
1 Apply for employment for government agencies concerned with employment.
2 Apply for a vacancy announcement
3 Advertise yourself in the media (personal ad)
4 Connect to private operators on the World Wide Web
5 Department of career guidance in the institution from which I graduated
6 Recommending teachers or staff at the college where you graduated
7 Through the Job Fair
8 Letters of recommendation from the institution where I was trained during my studies
9 Addressing job sites without my knowledge of vacancies
10 Experience gained through doing my own work
11 Experience gained from working in a private company for one of my acquaintances
12 Use of interpersonal relationships
13 Experience gained from training courses I attended after study
The same questions asked about the methods used to look for a job (refer ta-
ble 4.15) on employed graduates and on unemployed graduates, but in the form of
separate variables. In the sense that the answers of employed graduates were saved
in variables that differ from those of unemployed graduates. Therefore, in order
to classify the graduates according to the methods used in the research, regardless
of the employment status11, the 26 variables (13 variables for each group of grad-
uates according to the employment status) for all graduates will be merged in 13
variables.
Table 4.15 Questions of methods used to look for a job
Graduates GS15 GS17 The Question
Employed D5 D4 Which of the following methods/ ways helped you in getting a
job after graduation?
Unemployed D23 D24 Which of the following methods/ ways you used to look for a
job after graduation?
In order to gain better understanding of graduate’s behaviour in looking for
11Notice that, the study is limited only on those graduates who were, after graduation, either
employed or unemployed,
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a job, graduates need to be classified according to the methods they used in their
searching for a job. Having such kind of classification would give a hint as to whether
or not a certain group of searching methods has a significant impact on graduate
employment.
This part of the research aims to classify these graduates according to their
behaviour in the search for a job, in terms of the type and number of methods
used in the search, in addition to measuring their effectiveness in aiding graduates
to find the desired job. Therefore, the classification, in this case, will focus on
observations (graduates) instead of variables. Classification of graduates will be
used then in subsequent analyses to test the possible impact of these methods on
graduate employment.
In such cases, classification techniques such as K-mean and Hierarchical clus-
tering can be used. However, due to the dichotomous structure of the data, it is
not advisable to use hierarchical clustering because of the sensitivity of the resulting
clusters to case order in the file, IBM 12.
Alternatively, a bi-clustering or in other words block clustering applies on a
binary data of n graduates (cases) and p searching methods (variables). The method
used in such circumstances is bi-clustering, which is a data mining technique used
commonly in genetic expression, (Pontes, Giráldez, and Aguilar-Ruiz 2015). Bi-
clustering applies on rows (observations) and columns (variables) at the same time,
and aims to group individuals into subsets who share the same features together as
much as possible, in this instance using methods to look for a job.
The process of bi-clustering technique on binary data of 7 variables and 10 cases
(a) is illustrated in figure 4.1. Starting with data as in (a) with people ‘A’ to ‘J’.
The people are reorganised so these people with a similar profile of search use are
clustered together. Then as in (b), the methods ‘1’ to ‘7’ are reorganised with a
similar users are clustered together. Then the final result of the bi-clustering is in
(c), which has three column clusters (co-cluster) and three row clusters (ro-cluster)
for people and methods respectively. This output is clearly defined in (d), where
there are nine blocks are made by having three ro-clusters (a, b and c) and three co-
clusters (I, II and III). The final clustering can be interpreted in several ways as it is
required in the research goal. Firstly, having nine bi-clusters to indicate each group
of people with each group of search methods. Secondly, co-clusters can be used to
treat a group of search methods as one cluster (variable) in the analysis. Third
way, which is used in this chapter is using ro-cluster to find the property of group
of graduates (people) in terms of the methods used to look for a job. To clarify,
12https://www-01.ibm.com/support/docview.wss?uid=swg21476716
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maybe those graduates who used for example a certain group of searching methods
are more likely than other to find a job in a short period. Clustering analysis of the
searching methods was conducted by using the blockcluster R package developed
by Bhatia, Iovleff, and Govaert.
Figure 4.1 Illustration of Bi-Clustering Technique
Source: Bhatia, Iovleff, and Govaert 2014.
4.7.2.3 Logistic Regression Predicting Graduate Employment
Graduate employment status has two possible values 1 to indicate employment
and 0 to denote unemployment status. To investigate the most relevant factors af-
fecting graduate employment, generalised linear logistic modelling is used in such
circumstance of dichotomous response. Hence the appropriate way to find the most
significant factors on employment status is the logistic regression for binary re-
sponse.
The binary response (Y) is assumed to follow a Binomial distribution. The
mean response is µ (Y |X1, . . . , Xp), and p denotes the number of included variables,
while unknown parameters are coefficients of
β0 + β1X1 + · · ·+ βpXp = η (4.1)
The explanatory variables Xs denote the graduate characteristics obtained from the
conducted surveys (GS15 and GS17) such as gender, major, age, marital status and
acquired skills. π denotes the conditional mean of the dependent variable Y, which
is the probability of Y to be 1 given a group of X values13.
Each logistic model has a link function, which is selected according to the type
13Notice that use of π rather than µ is to indicate the population mean.
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of response distribution, and for the binary distribution the link function g(π) is
logit. Then, the linear model form is:









Then, obtaining the logistic regression function by taking the inverse of the logit
function.
π




The logistic regression function is









The next step after obtaining the result is to explain it. To illustrate, consider the
event of employment (1), the probability of graduate get employed can be calculated
as:
odds = P (emp)1− P (emp) (4.5)
When the odds equals to 1 that means there is an equal probability for graduate to
be employed. Having odds is more than 1 indicates that a graduate has a chance
better than 0.5 to get employment, while odds is less than 1 means that a graduate
has a chance less than half to get a job. That means, for instance at a certain set
of graduate characteristics (Xs), having the odds equals to 4, means a graduate is
four times likely to be employed than being unemployed.
Statistics of Logistic regression model can be summarised as:
• The mean: µ(Y |X1, . . . , Xp) = π.
• The variance: V ar(Y |X1, . . . , Xp) = π(1− π).
• The log odds: logit(π) = β0 + β1X1 + · · ·+ βpXp.
• The odds: exp(β0 + β1X1 + · · ·+ βpXp).
To predict the employment status of a graduate with certain characteristics, the
estimated (π̂) is evaluated, and if its value > 0.5 then 1, employed is predicted.
Otherwise, if the result is < 0.5 then 0, unemployed is predicted.
By using the logistic regression, the significant variables on graduate employ-
ment are obtained. However, what about the time till getting a job? Do these
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variables have an impact on the waiting period as well? Such analysis is conducted
by using Survival analysis technique, which will be addressed in the next section.
Bear in mind that only significant variables on the logistic regression are used in the
survival analysis and the data is not limited only on employed graduates.
4.7.2.4 Graduate Survival Time Until First Employment
The importance of the survival analysis as indicated by (Willett and Singer 1991)
is that it is the most common method used to answer questions about duration of
unemployment. With censored data, the exact time of a certain event within the
study period is not known Right censoring is a case of not experiencing the event
during the study time, which in the graduate survey context is the case of not getting
first employment during the time of conducting the survey.
Duration of time after graduation till getting first employment can be analysed
by using survival analysis techniques. As has been mentioned early in the literature
review, the event in this case is the employment (status) and the time is the duration
since graduation. So, the analysis can be expressed as investigating how long a
graduate spends in a waiting period until he gets his first job.
Survival analysis can be expressed mainly in two terms, the survival function and
the hazard function. The survival function denotes the probability of individual to
survive till a certain point of time without experiencing the event (e.g. graduation).
This function begins with a value of 1 at the beginning of the time (t=0) and then
declines over time to 0. If T is a random variable, P (T > t) → 0 as t → ∞. In
practice, it may not be possible to estimate S(t) for sufficiently large t, but it is
misleading to say that S(t) may not arrive to 0.
S(t) = pr(T > t), 0 < t <∞ (4.6)
The other function, the hazard function, is another expression of the survival
function, which can be seen as the probability that an individual will be exposed to




pr(t < T < t+ δ|T > t)
δ
(4.7)
The relationship between these two finctions can be explained by indicating
first the cumulative distribution function (CDF), F (t) and the probability density
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function (pdf), f(t).
F (t) = pr(T ≥ t), 0 < t <∞ (4.8)









In order to implement survival analysis, several methods might be applied, start-
ing with non-parametric analysis. In this type there is no specific distribution for
either time or covariates. A common method of this type is the Kaplan-Meier (KM)
estimator. This method does not make any assumption regarding the distribution.









In equation (4.11), ni denotes the number of individuals (graduates) at risk (may
get employed) at time ti, while di is the number of individuals who experience the
event (e.g. graduates get employed) at the same time.
Table 4.16 Illustration of KM estimator
ti(Months) ni(Graduates) di(Employed) Ŝi
2 3823 628 0.836
5 3195 322 0.752
8 2873 164 0.709
11 2709 141 0.672
21 2086 218 0.602
33 1244 43 0.581
39 1201 14 0.574
Data Source: Graduate Survey 2017.
The other method is the Cox proportional hazard (Cox-PH) model, which is a
semi-parametric method. In this method, the hazard rate function is as in equation
(4.12), where h0 is the baseline hazard and β are the covariates coefficients. This
model has an assumption of proportional hazard, which means that hazard function
of a subject is proportional to the hazard function of other subjects, (Jayamanne
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and Ramanayake 2017).
h(t) = h0(t) exp(Xβ) (4.12)
Cox-PH model adequacy can be examined by using different residual measurement,
for example Cox-Snell and deviance residuals.
As an alternative to CoxPH model, assuming a certain distribution of the sur-
vival curve can be used. In this circumstance, the model used is called an accelerated
failure time model (AFT model). AFT model is a parametric model which assume
some distributions for the survival function. These distribution are exponential,
Weibull, log-logistic, gamma and lognormal distributions.
AFT model is expressed in equation (4.13), where the natural logarithm of the
survival time ln t is a linear function of the included covariates. Xi is a vector of
covariates, while β is a vector of the coefficients and zi represents the error in the
model.
ln ti = Xiβ + zi (4.13)
To sum up, three types of survival analysis have been addressed and will be
used to analyse the time spent by graduates till find the first job. All models will be
assessed and Akaike information criterion (AIC) will be used for this purpose, and
the model with the lowest AIC is preferred. AIC is computed as in equation (4.14),
where l denotes the log-likelihood and k indicates the number of covariates in the
model.
AIC = −2l + 2k (4.14)
4.7.2.5 Summary
To conclude, the reviewed methods will be used in the analysis to achieve the
proposed aim of this chapter, which is finding the most significant factors of graduate
employment and estimate the time needed by graduates to find the first job. The
next section presents the analysis in this context, and starts by describing the data
used in the anlayis.
4.7.3 The Analysis
The graduate survey is conducted periodically to track graduate employment
status. So far, Oman has conducted three national graduate surveys 2015, 2017
and 2019, in addition to the graduate survey of private institutions in 2010 and the
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graduate survey of colleges of applied sciences in 2012. However, access to the data
of 2019 survey has not been granted for the public yet, and only 2015 and 2017
surveys targeted graduates from all institutions. The following analysis involves
only 2015 and 2017 graduate surveys.
These two surveys are combined as one data set, and one variable is created to
distinguish between them (GSurveyV) if needed for further comparative analysis.
The year of graduation can be used also to distinguish between surveys as each
survey has different years of graduation. At some point, analysing the impact of
high school grade and the impact of GPA on graduate employment, a separate
analysis will be used. This is because the 2015 does not involve GPA within survey
variables, while the 2017 does not involve high school grade.
Combined the two graduate surveys (2015 and 2017) shows that there 14012
respondent graduates holding bachelor degrees. Seventy one percent (n=14012) of
them are females. Indeed, there are more females participating in the survey than
their male counterparts in all disciplines(refer table 4.17).
Table 4.17 Graduate Participation in 2015 and 2017 Graduate Surveys by Ma-
jor and Gender
Discipline/Gender Male Female Total % of Total
Engineering and related technology (ENG) 2115 2014 4129 21
Management and Commerce (MNG) 1080 2924 4004 20
Information Technology (IT) 665 2742 3407 17
Culture and Society (CUL) 487 1711 2198 11
Creative Art (ART) 348 1518 1866 9
Natural and Physical Sciences (SCI) 327 1007 1334 7
Education (EDU) 225 770 995 5
Health (HLT) 138 674 812 4
OTHER (combined less than 5% disciplines) 246 652 898 5
Architecture and Construction 60 283 343 2
Religion and Philosophy 111 217 328 2
Agriculture, Environment and Related Sciences 44 81 125 1
Personal Services 31 71 102 1
Total 5631(29%) 14012(71%) 19643 100
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Figure 4.2 Graduate Participation in 2015 and 2017 Surveys by Gender and
Discipline



















Data Source: The Annual Statistical reports of Higher Education in the Sultanate of Oman
The data shows that 71% of the respondents to the surveys are females (refer
table 4.17), which raises the question if females with the same percentage are among
those targeted by these surveys. In general, the response rate overall both surveys
was 22%, with the female response rate 28%, and the male response rate was only
15% (refer table 4.18). It is also noted that both sexes scored the highest response
rate in the creative arts major with rates of 42% and 35%, female and male, re-
spectively. Females also showed a remarkable superiority over the males in their
response to the survey, as the response rate did not fall below 20% except in the
health discipline (in addition to the disciplines included in others). While the males
exceeded the 20% barrier in only two disciplines, engineering and natural and physi-
cal sciences. From this it is clear that females are more responsive to the survey than
their male counterparts, and some may explain this because there are more female
graduates than males, but this is not true. In the engineering discipline, the number
of male graduates in the targeted periods of the surveys (2015 and 2017) was almost
twice the number of female graduates (14777 and 7689 respectively), but the female
participation rate was greater than male participation in the surveys (14% and 26%
respectively). About a quarter of the females participated in the survey. All these
results and indicators so far give a clear sign of two important points. The first is
the female response rate to graduate surveys is higher compared to males. Another
point that was discussed previously is that the number of females admitted annually
in higher education is more than males (refer table ??).
Although the percentage of female participation in the survey exceeds that of
males, there is a concern regarding whether there is a basis for this superiority in
the actual number of graduates.
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Table 4.18 Sample Proportion of Participated Graduates in 2015 and 2017
Surveys
Respondant Graduates Graduates Sample Proportion
Discipline MALE FEMALE Total MALE FEMALE Total MALE FEMALE Total
ART 348 1518 1866 985 3597 4582 35% 42% 41%
CUL 487 1711 2198 2795 4947 7742 17% 35% 28%
EDU 225 770 995 1482 3448 4930 15% 22% 20%
ENG 2115 2014 4129 14777 7689 22466 14% 26% 18%
HLT 138 674 812 1450 4954 6404 10% 14% 13%
IT 665 2742 3408 4042 7417 11459 16% 37% 30%
MNG 1080 2924 4004 10049 13873 23922 11% 21% 17%
OTHER 246 652 898 1217 2045 3262 20% 32% 28%
SCI 327 1007 1334 1031 2932 3963 32% 34% 34%
Total 5631 14012 19643 37828 50902 88730 15% 28% 22%
Source: The Annual Statistical reports of Higher Education in the Sultanate of Oman. For more
detail refer to (table B.1).
As previously mentioned, the number of female graduates is more than the num-
ber of males in all disciplines except for the engineering discipline, in which males
represented 66%. The same in the number of survey participants, as females out-
number males in all disciplines except for the engineering discipline. It is noted in
the number of survey participants that the percentage of female graduates partic-
ipating in each discipline increased from the percentage of female graduates in all
disciplines (refer figures 4.3 and 4.4).
Figure 4.3 Graduate Gender Proportion by Discipline
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Figure 4.4 Respondent Graduate Gender Proportion by Discipline
After reviewing these results, it is evident that there is a female superiority
over the male, whether in terms of the number of graduates or even in terms of the
number of survey participants.
Students usually search for a job immediately after graduation. In some cases,
graduates look for a job while they are studying. This study is limited to those
graduates who got a job after graduation. The period of job search constitutes a
milestone for graduates, as it may extended to an unknown period or it may be as
short as a month.
The next analysis look for answers to several research questions regarding this
period of time (unemployment period). For example, finding the influential factors
on this period and investigating if the difference is exist between males and females
and investigating the difference between disciplines. Two main variables will be
examined next, the employment status and the unemployment period.
4.7.3.1 Descriptive Statistics
At the start of this analysis, it may worth exploring the gender difference in
the time until employment. Although female graduates are numerically higher than
males, they struggle to obtain employment. During a nine month period, approxi-
mately 10% of female graduates are employed, while 50% of graduates obtain a job
in the same period (refer figure 4.5). There is no doubt that sex has a role in this
disparity in addition to a number of factors that will be tested next.
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Figure 4.5 Time Until First Employment by Gender
There is a clear difference between males and females in the average period a
graduate spends searching for a job. For example in figure 4.5 it can be seen at
three months employed females was less than 2% compared to males with about
3%. The variation may be between disciplines and even between disciplines in a
specific gender. Although the number of female participants exceeded the number
of their male counterparts in all disciplines, they took more time than males to get
their first job.
Through the representation of data visually (refer figure 4.6), it turns out that
the two largest disciplines in terms of the number of graduates participating in the
survey are the engineering and related technology discipline and the management
and commerce discipline. Although it was a minor, the health discipline recorded
the highest rate of employment compared to the rest of the disciplines, and this
increase may be attributed to the fact that employment in the health sector is a
large part of it the responsibility of the government, as well as the limited seats
offered annually for health disciplines. It also applies to males and females in this
discipline (refer figure 4.6).
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Figure 4.6 Distribution of Time until Employment by Discipline
Males are distinguished by acceptable employment rates in all disciplines (except
for the creative arts major), during less than two years more than 50% of males
obtain a job (refer figure 4.7).
Figure 4.7 Distribution of Time until Employment by Discipline (Males)
Females suffer greatly in obtaining a job. With the exception of health disciplines
and education discipline, more than half of females need a long waiting period which
may exceed three years in some cases. Note that the disciplines in which females
are employed somewhat more quickly are the disciplines in which the government
sector is employed (refer figure 4.8).
Figure 4.8 Distribution of Time until Employment by Discipline (Females)
From the above, it is clear that males spend less time looking for a job than
females, regardless of discipline. Despite the suffering of females in obtaining a job,
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the opportunity to employ them in disciplines with government work is higher than
in other disciplines.
As it has been stated early in this literature, in general female graduates take
longer time than males to get the first employment (if it happens). There are many
possible reasons behind this delay, which will be discussed later.
4.7.3.2 Acquired skills in university study (Graduate perspective)
In order to gain a deeper understanding of the graduate’s view of the skills and
knowledge they acquired during their university studies, survey questions included
24 questions (refer table 4.19). Each course covers one skill/knowledge that the
student answers according to 4-points Likert scale. Since it is difficult to include
this number of variables (24 variables) in the analysis, a factor analysis is used to
reduce the number of variables for such purpose.
Table 4.19 Descriptive Statistics of Acquired Skill Variables
Variable Label N Mean Std. Deviation
B7 4 Proficiency in Arabic writing 19642 3.66 0.711
B7 3 Mastery of Arabic spoken 19641 3.63 0.73
B7 17 Ability to follow laws and regulations 19642 3.42 0.711
B7 14 Ability to work collaboratively within a team or work group 19642 3.38 0.707
B7 22 Ability to accept the other opinion 19642 3.32 0.721
B7 18 Ability to manage time 19642 3.28 0.75
B7 19 Ability to work independently 19642 3.27 0.742
B7 20 Ability to coordinate, organize and plan 19642 3.26 0.736
B7 21 Ability to deal with work stress 19642 3.25 0.749
B7 16 Ability to learn self and continuously 19642 3.24 0.744
B7 13 The ability to think about the skills I need in my career 19641 3.13 0.75
B7 11 Ability to solve problems 19642 3.12 0.757
B7 10 Ability to lead teams and work groups 19642 3.09 0.825
B7 12 Ability to analyze 19642 3.04 0.77
B7 7 Theoretical knowledge of specialization 19642 3.02 0.753
B7 6 Practical knowledge of specialization 19642 2.98 0.798
B7 9 Ability to implement a research project 19642 2.93 0.85
B7 15 Ability to think critically 19641 2.93 0.821
B7 5 General knowledge 19642 2.9 0.731
B7 8 Scientific research skills 19642 2.8 0.838
B7 2 English language proficiency writing 19642 2.78 0.873
B7 1 English language proficiency spoken 19642 2.72 0.853
B7 23 Accuracy and attention to detail 18467 2.6 1.468
B7 24 Computer skills and information technology 18657 2.49 1.411
Constructing the factor analysis requires first investigating the interrelationships
between variables. Every variable has at least one strong correlation (≥ 0.4) with
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other variables. The correlation between variables are provided in table 4.21, high-
lighted the cells with a correlation ≥ 0.4. The KMO test with a large value of 0.915
indicates that the null hypothesis is rejected and confirms that a factor analysis
can be used in the analysis, which is also confirmed by Bartlett’s test (refer table
4.20). Both results confirmed the suitability of graduate survey data to step on and
conducting the factor analysis on the acquired skills variables.
Table 4.20 KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.915
Bartlett’s Test of Sphericity Approx. Chi-Square 251167.209
df 276 Sig. < 0.001
Table 4.21 Correlation Between Acquired Skill Variables
B7 1 B7 2 B7 3 B7 4 B7 5 B7 6 B7 7 B7 8 B7 9 B7 10 B7 11 B7 12
B7 1 1 0.788 0.229 0.164 0.296 0.282 0.311 0.319 0.313 0.329 0.312 0.324
B7 2 0.788 1 0.228 0.184 0.265 0.256 0.295 0.303 0.303 0.291 0.284 0.303
B7 3 0.229 0.228 1 0.854 0.278 0.223 0.211 0.209 0.224 0.259 0.263 0.244
B7 4 0.164 0.184 0.854 1 0.275 0.224 0.207 0.201 0.215 0.244 0.251 0.229
B7 5 0.296 0.265 0.278 0.275 1 0.434 0.427 0.445 0.399 0.388 0.42 0.422
B7 6 0.282 0.256 0.223 0.224 0.434 1 0.685 0.531 0.486 0.425 0.445 0.439
B7 7 0.311 0.295 0.211 0.207 0.427 0.685 1 0.547 0.493 0.42 0.44 0.456
B7 8 0.319 0.303 0.209 0.201 0.445 0.531 0.547 1 0.702 0.495 0.486 0.506
B7 9 0.313 0.303 0.224 0.215 0.399 0.486 0.493 0.702 1 0.58 0.535 0.533
B7 10 0.329 0.291 0.259 0.244 0.388 0.425 0.42 0.495 0.58 1 0.716 0.618
B7 11 0.312 0.284 0.263 0.251 0.42 0.445 0.44 0.486 0.535 0.716 1 0.741
B7 12 0.324 0.303 0.244 0.229 0.422 0.439 0.456 0.506 0.533 0.618 0.741 1
B7 13 0.276 0.261 0.275 0.27 0.416 0.459 0.444 0.485 0.508 0.568 0.636 0.657
B7 14 0.25 0.236 0.275 0.273 0.33 0.385 0.375 0.394 0.431 0.561 0.553 0.504
B7 15 0.286 0.255 0.221 0.212 0.405 0.403 0.409 0.455 0.454 0.51 0.561 0.585
B7 16 0.311 0.295 0.25 0.243 0.38 0.412 0.435 0.455 0.478 0.477 0.512 0.524
B7 17 0.216 0.218 0.285 0.284 0.312 0.341 0.356 0.363 0.393 0.404 0.434 0.429
B7 18 0.247 0.256 0.263 0.26 0.328 0.376 0.383 0.393 0.423 0.457 0.484 0.454
B7 19 0.261 0.25 0.237 0.23 0.329 0.378 0.383 0.405 0.441 0.455 0.49 0.484
B7 20 0.274 0.269 0.261 0.252 0.354 0.406 0.411 0.437 0.482 0.525 0.549 0.538
B7 21 0.28 0.261 0.231 0.223 0.336 0.377 0.392 0.411 0.43 0.488 0.525 0.496
B7 22 0.196 0.181 0.244 0.243 0.309 0.325 0.328 0.33 0.345 0.384 0.435 0.408
B7 23 0.172 0.151 0.146 0.151 0.196 0.195 0.204 0.233 0.267 0.248 0.263 0.268
B7 24 0.221 0.199 0.166 0.171 0.224 0.223 0.223 0.262 0.297 0.268 0.27 0.273
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Table 4.22 Correlation Between Acquired Skill Variables continued
B7 13 B7 14 B7 15 B7 16 B7 17 B7 18 B7 19 B7 20 B7 21 B7 22 B7 23 B7 24
B7 1 0.276 0.25 0.286 0.311 0.216 0.247 0.261 0.274 0.28 0.196 0.172 0.221
B7 2 0.261 0.236 0.255 0.295 0.218 0.256 0.25 0.269 0.261 0.181 0.151 0.199
B7 3 0.275 0.275 0.221 0.25 0.285 0.263 0.237 0.261 0.231 0.244 0.146 0.166
B7 4 0.27 0.273 0.212 0.243 0.284 0.26 0.23 0.252 0.223 0.243 0.151 0.171
B7 5 0.416 0.33 0.405 0.38 0.312 0.328 0.329 0.354 0.336 0.309 0.196 0.224
B7 6 0.459 0.385 0.403 0.412 0.341 0.376 0.378 0.406 0.377 0.325 0.195 0.223
B7 7 0.444 0.375 0.409 0.435 0.356 0.383 0.383 0.411 0.392 0.328 0.204 0.223
B7 8 0.485 0.394 0.455 0.455 0.363 0.393 0.405 0.437 0.411 0.33 0.233 0.262
B7 9 0.508 0.431 0.454 0.478 0.393 0.423 0.441 0.482 0.43 0.345 0.267 0.297
B7 10 0.568 0.561 0.51 0.477 0.404 0.457 0.455 0.525 0.488 0.384 0.248 0.268
B7 11 0.636 0.553 0.561 0.512 0.434 0.484 0.49 0.549 0.525 0.435 0.263 0.27
B7 12 0.657 0.504 0.585 0.524 0.429 0.454 0.484 0.538 0.496 0.408 0.268 0.273
B7 13 1 0.593 0.568 0.559 0.497 0.496 0.505 0.557 0.5 0.447 0.263 0.259
B7 14 0.593 1 0.513 0.517 0.546 0.491 0.447 0.522 0.495 0.481 0.238 0.233
B7 15 0.568 0.513 1 0.558 0.416 0.445 0.467 0.499 0.473 0.413 0.258 0.264
B7 16 0.559 0.517 0.558 1 0.567 0.53 0.558 0.556 0.522 0.444 0.266 0.267
B7 17 0.497 0.546 0.416 0.567 1 0.593 0.526 0.546 0.491 0.493 0.315 0.287
B7 18 0.496 0.491 0.445 0.53 0.593 1 0.592 0.634 0.572 0.484 0.301 0.284
B7 19 0.505 0.447 0.467 0.558 0.526 0.592 1 0.663 0.575 0.449 0.278 0.257
B7 20 0.557 0.522 0.499 0.556 0.546 0.634 0.663 1 0.642 0.499 0.299 0.278
B7 21 0.5 0.495 0.473 0.522 0.491 0.572 0.575 0.642 1 0.565 0.28 0.269
B7 22 0.447 0.481 0.413 0.444 0.493 0.484 0.449 0.499 0.565 1 0.27 0.245
B7 23 0.263 0.238 0.258 0.266 0.315 0.301 0.278 0.299 0.28 0.27 1 0.863
B7 24 0.259 0.233 0.264 0.267 0.287 0.284 0.257 0.278 0.269 0.245 0.863 1
As mentioned earlier, deciding the number of factors relies on more than one
criterion. Two criteria are adopted for this purpose, the explained variation and the
initial eigenvalue. According to these criteria the suggested number of factors for
the obtained skill variable is six. These six factors explained about 69% of variance,
and each of them has an initial eigenvalue more than one (refer table 4.23), which
confirm the appropriateness of using six factors to represent the 24 skills variables
in the analysis. A Varimax rotation has been used to ensure that each variable is
loaded high in only a small number of factors (Yong and Pearce 2013).
Table 4.23 Total Variance Explained
Initial Eigenvalues Rotation Sums of Squared Loadings
Comp. Total % of Variance Cumulative % Total % of Variance Cumulative %
1 9.401 39.173 39.173 4.379 18.247 18.247
2 1.715 7.146 46.319 3.706 15.443 33.691
3 1.683 7.011 53.33 2.937 12.24 45.93
4 1.54 6.415 59.746 1.89 7.876 53.806
5 1.259 5.245 64.991 1.869 7.786 61.591
6 1.009 4.204 69.195 1.825 7.604 69.195
Each variable is loaded differently in each factor. These loads are illustrated and
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variables are organised according to the factor with highest load of each variable(refer
table 4.24). The variables are classified in six groups (factors).
1. Self-motivated skill variables.
2. Team-work and critical thinking skill variables.
3. Knowledge and research skill variables.
4. Arabic language skill variables.
5. Accuracy and IT skill variables.
6. English language skill variables.
Table 4.24 Acquired Skill Variable Loading in Six Factors
Acquired Skill Variables 1 2 3 4 5 6
Factor 1 Self-Motivated Skills
Ability to learn self and continuously 0.575 0.349 0.262 0.054 0.065 0.136
Ability to follow laws and regulations 0.709 0.156 0.129 0.141 0.135 0.025
Ability to manage time 0.749 0.17 0.179 0.074 0.101 0.072
Ability to work independently 0.707 0.22 0.195 0.03 0.069 0.099
Ability to coordinate, organize and plan 0.714 0.313 0.194 0.051 0.074 0.088
Ability to deal with work stress 0.688 0.28 0.167 0.019 0.073 0.11
Ability to accept the other opinion 0.639 0.199 0.118 0.094 0.094 0.004
Factor 2 Team-work and Critical Thinking Skills
Ability to lead teams and work groups 0.251 0.731 0.236 0.08 0.08 0.124
Ability to solve problems 0.286 0.782 0.22 0.072 0.077 0.093
Ability to analyze 0.271 0.748 0.258 0.04 0.088 0.122
The ability to think about the skills I need in my career 0.396 0.638 0.252 0.104 0.059 0.043
Ability to work collaboratively within a team or work group 0.483 0.534 0.104 0.126 0.046 0.033
Ability to think critically 0.353 0.581 0.238 0.036 0.081 0.092
Factor 3 Knowledge and Research Skills
General knowledge 0.163 0.272 0.517 0.191 0.068 0.134
Practical knowledge of specialization 0.225 0.158 0.793 0.071 0.037 0.056
Theoretical knowledge of specialization 0.242 0.149 0.794 0.042 0.042 0.111
Scientific research skills 0.19 0.357 0.681 0.014 0.092 0.125
Ability to implement a research project 0.214 0.445 0.566 0.023 0.135 0.109
Factor 4 Arabic Language Skills
Mastery of Arabic spoken 0.132 0.105 0.093 0.931 0.043 0.099
Proficiency in Arabic writing 0.132 0.088 0.095 0.937 0.057 0.037
Factor 5 Accuracy and IT Skills
Accuracy and attention to detail 0.224 0.114 0.074 0.041 0.928 0.028
Computer skills and information technology 0.131 0.113 0.122 0.065 0.936 0.095
Factor 6 English Language Skills
English language proficiency spoken 0.113 0.16 0.167 0.062 0.071 0.901
English language proficiency writing 0.125 0.117 0.148 0.078 0.05 0.91
Bear in mind variables in each factor have a link together in beside the high
correlation. For example, in factor 5, ‘Accuracy and attention to detail’ is needed
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for ‘computer skills and information technology’. Similarly, the language factors
(Arabic Language Skills and English Language Skills) show that speaking skills are
linked to writing skills. Other factors, also, show similar outcomes, where each
group of variables in each factor are in somehow needed for other variables. Trying
different rotations changes only the order of factors, but not the inclusive variables
in each factor. For example, using Varimax rotation shows that factor 5 involves
‘Accuracy and attention to detail’ and ‘Computer skills and information technology’.
Running other rotations on the same data, changes only the order of the factors not
the included variables in each factor. To clarify, ‘Accuracy and attention to detail’
and ‘Computer skills and information technology’ are in factor 5, when Varimax is
used, but are in factor 4, when Equamax rotation is used. The finding is applicable
in all other rotations except Quartimax, which shows only 5 factors rather than 6
factors in other rotations. To sum up, due to the high correlation between each
group of variables (> 0.4, refer to table 4.21), each certain group of variables linked
together in one factor regardless of used rotation method. Selection of Varimax was
because it was the best at representing the survey variables in factors in a somewhat
clearer than other ways of rotation.
4.7.3.3 Analysing the methods used to look for a job
There are 13 methods that graduates used to look for a job. In each method,
graduates were asked whether they used the method to look for a job.
More than two thirds of graduates have tried the first two methods (69% and
74% respectively), applying through government agencies or applying for a vacancy
announcement (refer table 4.25). These two methods do not require that much work
to use them as graduates need to update their qualification details at the public
authority of manpower record and then they wait for a job, a time period that is
not short. Similarly, for the other method, graduates waiting for announcement of
job vacancies. Graduates should not relies only on these two methods, as they can
use as many as they can of searching methods.
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Table 4.25 Number of Graduates who used each Method
No. Searching for job Method Graduates % of Total Graduates
1 Apply for employment for government agencies
concerned with employment.
13587 69
2 Apply for a vacancy announcement 14630 74
3 Advertise yourself in the media (personal ad) 1694 9
4 Connect to private operators on the World Wide
Web
1658 8
5 Department of career guidance in the institution
from which I graduated
2194 11
6 Recommending teachers or staff at the college
where you graduated
652 3
7 Through the Job Fair 4181 21
8 Letters of recommendation from the institution
where I was trained during my studies
912 5
9 Addressing job sites without my knowledge of va-
cancies
3218 16
10 Experience gained through doing my own work 1081 6
11 Experience gained from working in a private com-
pany for one of my acquaintances
593 3
12 Use of interpersonal relationships 4094 21
13 Experience gained from training courses I at-
tended after study
1447 7
Graduates may use more than one method. Regardless of the method used, 88%
of graduates have used no more than three methods to search for a job (refer table
4.26). The number of graduates decreased by the number of methods used in the
research. The number of methods used will be used among the variables used in the
analysis, in order to determine whether the use of more methods has enhanced the
probability for graduates to obtain a job.
Table 4.26 Total methods used by graduates to look for a job

















It is also expected that graduates may share some characteristics related to the
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methods used to look for a job. For example, a group of graduates may use the
first and second methods, or another group may use the last three methods together
and so on. So to find such characteristics a bi-clustering technique is used for this
purpose of grouping graduates, which will be used thereafter as a variable in the
next analysis of graduate employment and time till first employment.
In order to reach the best possible result of bi-clustering, several combinations of
row and column have been tested. The method started by initialising the data (refer
figure 4.9), where black lines in each column indicate a graduate did not use the
method and white lines indicate a graduate used the method to look for a job.
Figure 4.9 Initial Data of Job Searching Methods
It seems that a bi-cluster of size (6 clusters for observations, 7 clusters for vari-
ables) is the most appropriate (refer figure 4.10). As, there is no such criteria to
determine the appropriateness of selecting the bi-clustering dimensionality, the au-
thor of this study adopt two criteria. The first one is the distribution of observations
across row clusters by looking at the number of graduates in each cluster to be even
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as much as possible. The other one is the distribution of variables across column
clusters by looking at the produced plot. Then, finding the unique feature of grad-
uates in each cluster. The search for the suitable number of cluster is difficult in
binary data, especially for data in the proposed study, as it seems that only first
two methods are used highly.
Bi-clustering involves two main steps. The first one is to cluster the columns
(Searching Methods Variables). The search methods used are distributed according
to the obtained clusters in table 4.27. These clusters later be used on row clustering
that is clustering graduates. The most used methods (1 and 2) have been put
together in one column cluster (cluster one), while the least used method have been
grouped together in the cluster six. The rest of the methods have been grouped in
the remaining clusters (refer figure 4.10).
Figure 4.10 After clustering Job Searching Methods
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Table 4.27 Clustering the Searching Methods
Col-Cluster Searching Methods Users Comment





6 6, 8,10 and 11 < 1100 The least used
7 3, 4 and 5 > 1500 and < 4000
The second step of bi-clustering is to group graduates according to the meth-
ods used to look for a job (refer table 4.14). Graduates have been distributed into
six clusters (refer table 4.28). Each group of students (observation cluster) has a
unique features. Cluster 0 has those graduates who used other methods slightly, but
majority of them used the method 12 (use of interpersonal relationships). Bear in
mind this method comes third in terms of the number of graduates who used it. In
the next clusters, large number of graduates used the first (applying for government
agencies concerned with employment) and second (apply for a vacancy announce-
ment) methods. So, the next clusters will be explained by using other features
apart from the first two methods. Cluster 1 have those graduates who used only
method 12 to look for a job (use of interpersonal relationships). Similarly, cluster
2 have those graduates who used approximately only method 7 (through job fairs).
Cluster 3 is the smallest in terms of the number of graduates, and it involves those
who tried almost all method to look for a job. Bear in mind, some methods (such
as 13 (experience gained from training courses graduate attended after study), 6
(recommending teachers or staff at the college where student graduated), and 11
(experience gained from working in a private company for one of graduate acquain-
tances)) are not used by a large number of graduates. Cluster 4, most of graduates
used method 13, using their experience gained from training course after graduation.
The last cluster, which has the largest number of graduates involves those who did
not use the methods 6, 7, 8, 10, 11,12 and 13. Or it can be seen as the cluster of
those graduates who did not belong to any of the previous clusters.
Six clusters of graduates have been obtained, in all of them the first two methods
have been involved. The difference between these clusters is in terms of the methods
used to look for a job. The issue of how efficient the methods are in helping students
to obtain a job is a major concern of the policy-makers. Graduates should show the
effectiveness of how the methods are used to get a job in a short-term.
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Table 4.28 Clustering Graduates by the Used Searching Methods
Row-Cluster Graduates Comment
1 2492 Majority used method 12 (use of interpersonal relation-
ships).
2 1191 All of them used methods 1,2 and 12 only.
3 3237 All of them used method 7 and large number of them used
methods 1 and 2.
4 621 They tried almost all methods.
5 1792 Majority used methods 1,2 and 13.
6 10310 Majority of them used methods 1 and 2, but did not used
12,13,7,6,8,10 and 11
Ignoring the use of first two methods, as they are in all clusters, the employment
varies between clusters of graduates (refer table 4.29). The most efficient method for
finding a job is through the interpersonal relationship, as it seems to be about who
you know rather than what you know. Interpersonal relationships have been used
by 4094 graduates, but in the cluster 1 there are 2492 graduates and 53.42% are
employed. Comes next cluster 6, which involves those graduates who used widely
method 1 and 2 and a small number of them used the methods of cluster 5 and 7.
Of these, 40.44% graduates are employed. Then, 31.25% of graduates in cluster 5
are employed by using their gained experience from training. The employment in
other clusters did not exceed 15.5%, which suggests that some methods work better
than others. In the early figure 4.10 these six clusters are demarcated by horizontal
lines.
Table 4.29 Graduate Employment by Cluster
Row-Cluster (Graduates) Unemployed Employed Employed%
1 1161 1331 53.41
2 1056 135 11.34
3 2737 500 15.45
4 551 70 11.27
5 1232 560 31.25
6 6141 4169 40.44
Total 12878 6765 34.44
There are also descriptive statistics to compare between these methods. In the
next analysis, graduate’s cluster membership will be used as a categorical covariate
to examine its effect on graduate employment by using the logistic regression model.
So, the new variable is named biclstr, which consists of 6 clusters. Notice that
row-clustering is used rather than column-clustering to indicate graduates cluster
memberships, as the purpose is to cluster graduates (cases) rather than variables.
Another variable linked to the searching methods is the number of methods used
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by each graduate to look for a job, to see if it is a matter of the method used or a
matter of the number of methods used.
Next sections will go through building two models. The first one is modelling
the employment status, and the other one is modelling the time spent by graduates
to look for a job.
4.7.4 Modelling the Employment Status
The main concern in this chapter is studying the potential change on employ-
ment status after graduation and finding the most influential factors on this status.
Another issue which will be discussed next is investigating the time after graduation
until first employment (unemployment period). Both surveys involve a question re-
garding the current employment situation of graduate. Graduates have been asked
in the questionnaire, ‘Have found a job after graduation?’ (question D1 in 2015 sur-
vey) and ‘After graduation, are you currently ......?’ (question D1 in 2017 survey).
To construct the variable under investigation (employment status), a binary variable
(has two values usually 0 or 1) is created from graduate response to the question
regarding employment status by putting a value of one when students found a job
after graduation and a value of zero when students did not find a job after gradua-
tion. Other answers were omitted (’Still working in my previous job’,’Still working
in my previous institution but doing a different job’,’Continuing my study’ and ’Not
studying nor working), as the purpose of this study is to analyse the employment
status after graduation. Bear in mind that graduates who have a job before grad-
uation would not experience the change on employment status after obtaining a
degree.
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Table 4.30 The included variables in the analysis
No. Variable Discreption Values
1 EMPST Binary variable of employment
status (the response)
1 for employed and 0 for unemployed
2 isMale Binary variable of sex 1 for male and 0 for female
3 ADSCPL Discipline 8 disciplines (refer table 4.17)
4 isSingle Marital Status 1 for single, otherwise 0
5 AgeRange Age range 5 age groups: 18-24, 25-30, 31-35, 36-40
and 41-45,
6 inMct Permanent Address 1 for Muscat, otherwise 0
7 MotivationF A factor of self-motivated skills Standardised Continuous variable
8 ThinkingF A factor of self-motivated skills Standardised Continuous variable
9 ResearchF A factor of knowledge and re-
search skills
Standardised Continuous variable
10 ArabicF A factor of Arabic skills Standardised Continuous variable
11 AccuracyF A factor of accuracy and IT skills Standardised Continuous variable
12 EnglishF A factor of English language
skills
Standardised Continuous variable
13 TSRCH Sum of methods used to look for
a job
a value between 1 and 13 (refer table
4.26)
14 biclstr The combination of methods
used to look for a job
6 categories (refer table 4.28)
This analysis includes studying the differences in obtaining a job between males
and females, as well as among graduates of different disciplines. Two models will
be built to study these differences, and whether these two variables really affect the
acquisition of a job linked to the other. The first model to be tested is the reduced
model (added model), which involves only gender and discipline as independent
variables in addition to the employment status (the response variable). The other
model (the full model), involves the interaction term of these two variables. As the
analysis is on gender and discipline variables, the missing values will be removed
accordingly.
Six models have been obtained by using different sets of variables (refer table
4.31). These models are compared by using AIC (Akaike information criterion),
where a model with smallest value of AIC is preferred. Including the interaction
term of sex and discipline shows a small reduction in AIC in both models (full
and reduced). Including other variables in addition to sex and discipline shows a
considerable decrease in AIC, which suggests that model will fit better by including
these variables
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Table 4.31 Examined Models by AIC
Model Description AIC Comment
1. The intercept only model 25299 The intercept is significant
2. Only gender 21803 The gender is significant
3. Gender and discipline (additive) 21179 ENG and HLT are not signficant
4. Gender and discipline (interaction) 21105 One discipline is not significant
5. Full model (additive) 13308 Cluster 3, isSingle, ENG, MNG and
SCI are not significant
6. Model selection of full model (additive) 13308 No change
7. Full model (interaction) 13238 Only four interaction terms are signifi-
cant, ENG and SCI are not significant
8. Model selection of full model (interaction) 13238 No change
It is clearly that the full models show a better fit of the model, however to
examine the significance of including the interaction terms (gender×discipline) to
the model is done by the likelihood ratio test (refer table 4.32). This test have the
hypothesis that H0: the reduced model fits better. As the p − value is less than
0.05, then the model with the interaction terms is preferred than the the reduced
model.
Table 4.32 Fitting a binary logistic model of Employment Status
> lrtest(logmod05,logmod07)
Likelihood ratio test
Model 1: EMPST ˜ isMale + ADSCPL + isSingle + AgeRange + inMct + MotivationF +
ThinkingF + ResearchF + ArabicF + AccuracyF + EnglishF +
TSRCH + biclstr + chrtsize + GYear
Model 2: EMPST ˜ isMale * ADSCPL + isSingle + AgeRange + inMct + MotivationF +
ThinkingF + ResearchF + ArabicF + AccuracyF + EnglishF +
TSRCH + biclstr + chrtsize + GYear
#Df LogLik Df Chisq Pr(>Chisq)
1 33 -6620.8
2 41 -6577.8 8 85.976 3.041e-15 ***
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
logitP (EMPST = 1) = β0 + β1isMale+ β2ART + β3CUL+ β4EDU + β5ENG
+β6HLT + β7IT + β8MNG+ β9SCI + β10isSingle+ β11(25− 30) + β12(31− 35)
+β13(36− 40) + β14(41− 45) + β15inMct+ β16MotivationF + β17ThinkingF
+β18ResearchF + β19ArabicF + β20AccuracyF + β21EnglishF + β22TSRCH
+β23biclstr1 + β24biclstr2 + β25biclstr3 + β26biclstr4 + β27biclstr5
+β28chrtsize+ β29(2012/2013) + β30(2013/2014) + β31(2014/2015) + β32(2015/2016)
+β33isMale : ART + β34isMale : CUL+ β35isMale : EDU + β36isMale : ENG
+β37isMale : HLT + β38isMale : IT + β39isMale : MNG+ β40isMale : SCI
(4.15)
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After obtaining the model coefficients (refer table 4.34), it becomes easy to find
the employment probability in such values of independent variables (refer equation
4.4 of the logistic regression). The model involves several variables, some of which in-
clude more than one category, only four implementations of the model are presented
here. Two cases for each gender, one for the highest probability of employment and
the other for the lowest probability of employment.
Case 1: Female with highest employment probability.
logitP (EMPST = 1) = β0 + β6HLT + β10isSingle+ β13(36− 40)
+β15inMct+ β16MotivationF + β17ThinkingF + β18ResearchF
+β19ArabicF + β20AccuracyF + β21EnglishF
+β22TSRCH + β28chrtsize+ β32(2015/2016)
(4.16)
Case 2: Female with lowest employment probability.
logitP (EMPST = 1) = β0 + β2ART + β16MotivationF + β17ThinkingF
+β18ResearchF + β19ArabicF + β20AccuracyF + β21EnglishF
+β22TSRCH + β23biclstr1 + β28chrtsize
(4.17)
Case 3: Male with highest employment probability.
logitP (EMPST = 1) = β0 + β1isMale+ β9SCI + β10isSingle
+β13(36− 40) + β15inMct+ β16MotivationF + β17ThinkingF
+β18ResearchF + β19ArabicF + β20AccuracyF + β21EnglishF
+β22TSRCH + β28chrtsize+ β40isMale : SCI
(4.18)
Case 4: Male with lowest employment probability.
logitP (EMPST = 1) = β0 + β1isMale+ β2ART + β15inMct
+β16MotivationF + β17ThinkingF + β18ResearchF + β19ArabicF
+β20AccuracyF + β21EnglishF + β22TSRCH + β28chrtsize
+β33isMale : ART
(4.19)
As been noted earlier, male graduates are more likely to get employment than
females. In terms of lowest probability of employment, males score better than
females, 0.0075 and 0.0826 (refer table 4.33). Being single and living in Muscat
(the capital city of Oman) increase the employment probability. The time since
graduation has a positive impact on the employment probability, as those gradu-
ates of earlier year are more likely to get an employment opportunity than fresh
graduates. The searching methods show that the use of first two methods (applying
for employment agencies or through vacancy announcement) increases the employ-
ment probability. However, these two methods have been used by more than 69% of
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participating graduates. Regardless of gender, graduates of ART ‘the creative arts’
discipline have the lowest probability to find a job, 0.0075 and 0.0826 for females
and males respectively. The best situation for male graduates to get the maximum
probability of employment is to be single live in Muscat, age between 36-40, use the
first two methods to look for a job and having graduated in an earlier year. The
same is true for females except the best discipline is HLT ‘health disciplines’ for
female graduates.
Table 4.33 Employment Probability by Gender
Gender Female Male
Case Highest Lowest Highest Lowest
π (Probability) 0.9929 0.0075 0.9992 0.0826
Discipline HLT ART SCI ART
Marital status Single Married Single Married
Residence inMct outMct inMct outMct
Age range 36-40 18-24 36-40 18-24
Graduation year 2015/2016 2009/2010 2009/2010 2015/2016
Searching methods biclstr1 biclstr2 biclstr1 biclstr2
The obtained result in terms of the employment probability shows that males are
more likely to get a job than females. Graduates of creative arts regardless of sex are
less likely to get employment than graduates of other disciplines. In such situations,
policy makers should be aware of the case when graduates of a certain discipline
have very low employment probability. Perhaps, by reducing the enrolment size of
this discipline or adopting an aid system to help those graduates to start their own
business in creative arts would be useful.
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Table 4.34 Outputs of Fitting the binary logistic regression for employment
status
Variables Coefficients Std.Error z value Pr(> |z|) 2.50% Odds Ratio 97.50%
isMale 1.8014 0.2165 8.3190 < 2E − 16 3.9745 6.0582 9.2917
isSingle 0.1902 0.0473 4.0190 5.9E-05 1.1025 1.2095 1.3272
inMct 1.0495 0.0503 20.8780 < 2E − 16 2.5886 2.8562 3.1525
25-30 0.2080 0.0703 2.9580 0.0031 1.0732 1.2312 1.4139
31-35 0.5900 0.1243 4.7460 2.1E-06 1.4140 1.8041 2.3022
36-40 1.3960 0.2138 6.5290 6.6E-11 2.6629 4.0390 6.1598
41-45 1.0212 0.3250 3.1430 0.0017 1.4858 2.7765 5.3221
2012/2013 -0.9251 0.0867 -10.6680 < 2E − 16 0.3344 0.3965 0.4698
2013/2014 -0.8100 0.1673 -4.8410 1.3E-06 0.3203 0.4448 0.6173
2014/2015 -1.5725 0.1669 -9.4220 < 2E − 16 0.1495 0.2075 0.2877
2015/2016 -2.9912 0.1789 -16.7180 < 2E − 16 0.0353 0.0502 0.0713
biclstr1 -2.0728 0.1280 -16.1900 < 2E − 16 0.0976 0.1258 0.1612
biclstr2 -2.0614 0.0905 -22.7740 < 2E − 16 0.1065 0.1273 0.1519
biclstr3 -0.0244 0.2080 -0.1170 0.9066 0.6456 0.9759 1.4599
biclstr4 -0.4890 0.0911 -5.3660 8.1E-08 0.5127 0.6132 0.7329
biclstr5 -1.5080 0.0714 -21.1280 < 2E − 16 0.1924 0.2213 0.2545
ART -1.3036 0.1566 -8.3250 < 2E − 16 0.1996 0.2716 0.3689
CUL -0.7501 0.1479 -5.0710 3.96E-07 0.3536 0.4723 0.6315
EDU 0.4914 0.1513 3.2480 0.0012 1.2163 1.6347 2.2012
ENG -0.2271 0.1590 -1.4280 0.1533 0.5839 0.7968 1.0893
HLT 0.8227 0.1574 5.2260 1.73E-07 1.6736 2.2765 3.1026
IT -1.1924 0.1548 -7.7050 1.31E-14 0.2242 0.3035 0.4113
MNG -0.6881 0.2130 -3.2300 0.00124 0.3311 0.5025 0.7633
SCI -0.1539 0.1530 -1.0060 0.31433 0.6353 0.8573 1.1575
isMale:ART 0.6717 0.2818 2.3830 0.01716 1.1253 1.9575 3.3979
isMale:CUL 0.4934 0.2635 1.8720 0.06114 0.9759 1.6378 2.7419
isMale:EDU 0.0622 0.2995 0.2080 0.83544 0.5917 1.0642 1.9149
isMale:ENG 0.3023 0.2594 1.1650 0.24400 0.8116 1.3529 2.2447
isMale:HLT 0.0671 0.3566 0.1880 0.85077 0.5340 1.0694 2.1638
isMale:IT 1.5816 0.2555 6.1910 5.98E-10 2.9437 4.8627 8.0156
isMale:MNG 0.6784 0.2413 2.8120 0.0049 1.2258 1.9707 3.1572
isMale:SCI 1.3620 0.2928 4.6520 3.29E-06 2.2005 3.9039 6.9360
(Intercept) 2.7512 0.2085 13.1960 < 2E − 16 10.4103 15.6618 23.5737
MotivationF -0.1361 0.0219 -6.2240 4.84E-10 0.8361 0.8728 0.9110
ThinkingF -0.0496 0.0220 -2.2520 0.0243 0.9113 0.9516 0.9936
ResearchF -0.0755 0.0225 -3.3570 0.0008 0.8873 0.9273 0.9691
ArabicF -0.1285 0.0211 -6.0900 1.13E-09 0.8437 0.8794 0.9165
AccuracyF -0.1641 0.0664 -2.4700 0.0135 0.7450 0.8487 0.9667
EnglishF 0.1589 0.0231 6.8670 6.55E-12 1.1204 1.1723 1.2268
TSRCH -0.8700 0.0279 -31.2070 < 2E − 16 0.3965 0.4190 0.4423
chrtsize 0.0003 0.0001 4.1200 3.79E-05 1.0001 1.0003 1.0004
Investigating the impact of acquired skills during education from graduate per-
spective shows that only the English factor has been assessed high by graduates. In
the following outputs, the horizontal axe denotes the standardised values of gradu-
ate assessment, while the vertical axe denotes the employment probability. Notice
that the values of these output are according to graduate perspective, which might
be effected by graduate employment status.
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In the first factor (motivation) graduates with less probability of employment
gave high assessment to the skills linked to the motivation factor (refer figure
4.11).
Figure 4.11 Effect of Motivation Factor
Likewise to the motivation factor, graduates with less probability of employment
are more likely to give high assessment ot the skills involved in this factor than those
with high employment probability (refer figure 4.12).
Figure 4.12 Effect of Thinking Factor
Graduates with high probability of employment gave low assessment to the skills
related to the thinking factors (refer figure 4.13) and vice-versa.
Figure 4.13 Effect of Research Factor
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The accuracy skills have been assessed high by graduates with less employment
probability (refer figure 4.14) indicating that they obtained these skills during edu-
cation.
Figure 4.14 Effect of Accuracy Factor
Similarly to previous factors, graduates with low employment probability be-
lieved they obtained the required skills of the Arabic language (refer figure 4.15).
Figure 4.15 Effect of Arabic Language Factor
Different to the assessment of the Arabic language skills, graduates with high
employment probability thought that they did not acquire the English language skills
during education (refer figure 4.16), while those with low employment probability
believed that in spite of obtaining the English skills they struggled to find a job.
Figure 4.16 Effect of English Language Factor
CHAPTER 4. TRANSITION TO THE LABOUR MARKET 236
It is clearly understood in all factors, except the English language factor, gradu-
ates with less employment probability believed they have acquired these skills during
education, while graduates with high employment probability thought they did not
obtained these skills during education. As these questions are self-assessment, they
can easily biased by graduate employment status.
4.7.5 How long it takes a graduate to get a job?
After obtaining a degree, graduates look for a job in unknown period. This
period varies between graduates, as it can be as short as less than a month or be as
long as more than a year. There are possible reasons behind the length of this period.
Some reasons are uncontrolled (at least for this study) such as economic situation
and the labour market. For example in financial crises getting a job becomes harder
than usual. Other reasons which can be managed by modifying admission policies
are linked to student personal (such as sex, age, residence and marital status) and
academic background (such as discipline, GPA, year of graduation, cohort size and
acquired skills ). The survival curves have been obtained by the Kaplan-Meier
(KM) estimator (refer section 4.7.2.4). In the following analysis (refer figures 4.17
to 4.22), the managed factors are examined in terms of the length of time until first
employment. Notice that the stars in the following figures of KM survival curves
denote the censored data (where observations did not experience the employment
event) in each categorical variable. There are four groups of censored data 18, 30,
42 and 66 months.
As it can be seen in figure 4.17 after 20 months only 25% of female graduates are
employed, whereas for male graduates after 20 months about 70% are employed
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Figure 4.17 KM Survival Curves by Gender
In terms of discipline, during a period of 6 months, more than 70% of graduates
of health discipline are employed (refer figure 4.18). The reason for the high rate of
employment in this discipline is due to the fact that employment in these discipline
is done directly in the government sector, as the limited numbers of specialised
institutions provided for this discipline in addition to the continuous need for health
graduates. Coming later, with a lower employment rate of about 65% during the 60-
month period graduates of education and engineering disciplines. Despite the lapse
of a period of 60 months, the employment percentage of other disciplines graduates
did not exceed 50%. This decline may be due to the nature of these disciplines and
their graduates are usually associated with employment in the private sector, which
may be somewhat imbued with some disciplines. This long period of 60 months,
about five years, does not mean that graduates are going to wait this period for
a job, but it means there was a large number of unemployed graduates in these
disciplines during the time of conducting the graduate surveys.
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Figure 4.18 KM Survival Curves by Discipline
Age is an important factor in employing a graduate, and this is evident from
figure 4.19. There is an increase in the graduate employment rate as the graduate
age increasing. During a 60-month period, only 25% of the 18-24 age group are
employed, while more than 70% of graduates in age ranges of 40-36 and 41-50 are
employed. This would give an indication of the difficulties that a fresh graduate may
encounter, for example, the requirement of experience in some jobs may prevent
them from being hired.
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Figure 4.19 KM Survival Curves by Age Range
Muscat (the capital of the Sultanate of Oman) is the seat of government and
the headquarters of many companies and factories, so a large proportion of the
jobs announced are in the capital. Those graduates who are living in Muscat are
more likely to obtain a job than those living outside Muscat. Within a period of 60
months, more than 50% of graduates living in Muscat are employed, and less than
40% of graduates living outside Muscat are employed (refer figure 4.20).
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Figure 4.20 KM Survival Curves by Residency
Referring to the distribution of graduates according to the methods used to look
for a job (refer table 4.28), graduates in cluster one who used their interpersonal
relationships have a better chance to get a job as 50% of them were employed within
21 months (refer figure 4.21). Other groups of graduates did not exceed the 50%
barrier, perhaps groups 5 and 6 were close at 45 months.
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Figure 4.21 KM Survival Curves by Graduates Bi-Clustering
The two surveys (2015 and 2017) involve data of graduates in five academic
years, 2009/2010, 2012/2013, 2013/2014, 2014/2015 and 2015/2016 (refer table 4.5).
For GS15, half of the 2010/2010 graduates need 18.5 months to get a job, Whereas,
the percentage of those employed in the academic year 2012/2013 did not exceed
the 50% barrier. For GS17, graduates of three academic years shows that fresh
graduates need less time to get employed than old graduates. The time needed by
half of graduates to get a job in each academic years increased as the time processed,
45, 33 and 21 months for 2013/2014, 2014/2015 and 2015/2016 respectively. Notice
that the sudden drop in 2015/2016 is due to the appearance of graduates who get
employed after the period of unemployed graduates in this academic year. In other
words, the censored data, graduates who were not employed during the survey time,
was at 18 months (lower bound), while the last group of graduates was at 25 months
(lower bound)
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Figure 4.22 KM Survival Curves by Graduation Year
4.8 Conclusion
This chapter aims mainly to investigate the employment probability and the pe-
riod of time between graduation and first employment. The investigation examined
the impacts of various variables such as gender, discipline, method used to look for
a job and graduate perspective regarding the acquired skills during education. Data
of two graduate surveys have been used to answer the following research questions
regarding the unemployment period after graduation.
Between categories of graduates in each categorical variables, the differences
existed in term of the survival time (time of being unemployed). While half of
males need 11 months, females struggle to find a job by a proportion of less than
25% in the same period of 11 months. Only three disciplines show a reasonable
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number of graduate employment (50%), education, engineering and health. Half
of education graduates need 33 months to get a job, while 50% of graduates of
each of engineering and health disciplines need 21 months. The differences in the
time needed to find a job can be linked to the nature of the relevant structure.
For example, employment of education and health disciplines are usually managed
by the government sector, while other disciplines are likely to look for a job in the
private sector. In terms of graduate age, graduate employment probability increased
as graduate getting older. The reason of this can be linked to the fact that graduates
increased their experience in term of work requirement and can be also linked to
the fact that graduates after a while may accept a job which would not accept it
when they are fresh graduates. The result shows that living in Muscat increase the
graduate employment. Methods used to look for a job have different impact for
individual, but those used their interpersonal relationships to find a job increases
their employment probability.
Several models have been examined to produce the best fitted model for the
employment status. The final model shows that the difference exists between males
and female, as males are more likely to obtain a job than females. In terms of disci-
pline regardless gender, education and health graduates have a better employment
probability than other disciplines. Female graduates of health discipline are the
most likely to obtain a job among other female graduates, while male graduates of
sciences are most likely to get a job among male graduates. Graduates of creative
arts are the least likely to obtain a job regardless of graduate gender. A further
investigation is needed here to explore the reasons behind the small employment
probability of creative arts graduates. Graduation year shows different impact for
males and females. For males, graduates of 2015/2016 have the best employment
probability, and graduates of 2009/2010 have the least employment probability. In
contrary, the reverse is true for female graduates.
The analysis, involved also grouping graduates according to the methods used
to look for a job, which have been done by using bi-clustering. The output of
bi-clustering was a membership of six clusters according to the row-cluster, which
are also included in the analysis. The best option for graduates to increase their
employment probability is to use the methods used by graduates in biclstr1 (majority
used interpersonal relationship to get a job).
The analysis involved reducing a large number of variables to less number of
factors. Such analysis has been done by using factor analysis on 24 acquired skill
variables to be presented by only six factors, MotivationF, ThinkingF, ResearchF,
ArabicF, AccuracyF and EnglishF. All of the skill factors are significant (at α=0.05)
in the obtained model of the logistic regression. In all model factors (except English
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language factor), due to a graduate self-assessment, unemployed graduates believed
that they have obtained the needed skills in the labour market during study in spite
of not getting a job after graduation. In contrary, those employed graduates after
getting the job they found themselves did not acquire these skills during higher
education. This finding is linked to the fact that graduates may found another level
of skills that not gotten in the education. The EnglishF was the only factor that
employed graduates assessed highly, indicating that the obtained English skills were
sufficient to join the labour market. As a future research, analysing the English
language skills impact on graduate employment is needed by using graduate grade
in English subjects and can be extended to involve the mark of English subject in
school education.
In terms of the time needed to get a job, Kaplan-Meier curves are used. From the
obtained result, males are more likely to find a job in a shorter time than females.
Health and education graduates are faster than graduates of other disciplines in
finding the first employment. This can be seen to the fact that graduates of these
two disciplines are usually employed in the public sector. One interesting finding
is the one related to graduate age, as getting older reduces the time needed to
find a job. Regarding the address, being in the capital city (Muscat) increase the
employment probability in a shorter time. Graduates who were in the biclstr1
(using the interpersonal relationship) are more likely to find a job quickly than other
graduates who did not use this method. The result did not show much difference in
terms of the graduation year, however, the obtained result shows that graduates of
older years have better chances to find a job. The result can be adjusted by adding
a follow-up for those unemployed graduates of other years. To clarify giving the
same period of time may show different outcomes.
To conclude, differences exist between male and female and between disciplines
graduates in terms of employment probability and in terms of the unemployment
period. There are several variables affect on graduate employment probability and
unemployment period, which suggest that policy-makers should be aware of these
variables when planning admission into higher education.
The next chapter is to build a conceptual model of the students flows starting
from Higher Education admission until joining the labour market. Such model in-
volves four steps. The first step involve students admission to Higher Education.
Then, investigating the time needed by graduates in each year of study until grad-
uation. Followed after that by analysing the transition period from graduation till
the first employment. Ending with a conceptual model of such movement. A case
study case based on the Education discipline (Teaching job) is used to illustrate how
the model is supposed to work.
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4.8.1 Recommendation for Policy-Makers in Omani HE
It is true that in Oman graduates from one discipline often work in other disci-
plines, due to job availability and graduate demand for jobs. Sometimes, the needed
jobs for a particular may not be available at the graduation time, and graduates may
need for a job urgently to meet their life necessity. Consequently, graduates are more
likely to accept any available job regardless of matching their qualification discipline.
A future study may investigate the reasons behind graduates’ work in different field
than their qualification discipline.
Oman has an increasing number of graduates who will look for a job as soon as
they graduate. Neglecting this number of graduates may end in unwanted situation
of high number of unemployed graduates and long waiting period for a permanent
job. In order to avoid such a problem, or minimise its impacts there are few rec-
ommendation for policy-makers. The first one, planning the admission into HE.
Policy-makers should be aware of the current situation of graduate unemployment
and the labour market demand for graduates when they plan the admission into
the Higher Education system in Oman. Secondly, knowing the status-quo should be
in line with having a comprehensive and integrated data base of students from the
first step of entering Higher Education until joining the labour market by getting
the first permanent job. The structure of the proposed database will be discussed
in detail later.
Having good data and managing these data properly would ensure that policy-
makers have all needed information and indicators regarding graduate employment
progression. Hence, any decision made in this context is based on a true data not




Studying the educational system in detail provides a rich source of valuable infor-
mation of interest to decision makers in the higher education sector. The extracted
information from the educational system data can be used in planning higher edu-
cation in terms of planning admission, studying completion and drop-out rates and
studying graduates’ opportunities to find work in a reasonable time (usually within
six months). Putting all these matters together would show a complete picture of
the start of the student journey in higher education and the end at the time of
the first job. This chapter focuses on the higher education system which consists
of three stages that were addressed in the previous chapters: the admission stage
(chapter two), the study phase (chapter three), and the stage of job search (chapter
four).
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5.1 Introduction
In the previous chapters, the stages of the higher education system were dis-
cussed separately; the admission stage, the study progression stage, and after study
stage. Each stage covers one aspect and its relevant issues as have been discussed
earlier. This chapter puts all these stages together as one system beginning with
admission and ending with graduate employment.
The Higher Education system is built to admit school graduates into Higher
Education programs to obtain a university qualification. Investigating the sequential
stages of student journey in Higher Education, several lessons can be drawn and can
be used as feedback to enhance the admission policy for Omani Higher Education
in order to meet the requirements of sustainable development in Oman.
The first stage of the journey is student admission to Higher Education. Such
admission usually takes into account the number of available seats for school gradu-
ates and the extent to which these graduates meet the requirements of these seats.
Extensive discussions with stakeholders in both sectors (public and private) are held
periodically to determine the number and type of seats in terms of gender and disci-
pline to meet the future demand for graduates. So, analysing the impact of current
admission policy may shed the light on the importance of admission decision on
student graduation and employment.
The second stage is the student transitions within the educational system, which
provides indicators of the period spent by students in each academic year of each
study program. Analysis of this period also aids in giving an indication of the
expected number of students in each academic year in each discipline, in addition
to the expected numbers of graduates. The last stage is the unemployment period
after graduation. Analysing this period would help policy-makers to avoid possible
accumulation of unemployed graduates in some disciplines. Having all these stages
in a conceptual model would enhance the admission policy improving the higher
education system in Oman by making it more responsive to needed changes in
higher education.
In order to build a higher education system responsive to public demand and the
labour market needs, this chapter aims to build a conceptual model of the stages in
higher education. The conceptual model will illustrate the actual processes in each
stage and how each stage is connected with other stages, and in what way it can
be used to satisfy both public demand and labour market needs. The conceptual
model can be used to understand and manage the causes of potential challenges
in the higher education system. For example, the increase in student drop-out
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rates, and reduced completion rates which need to be considered in planning the
admissions. The Higher Education system is also affected by labour market changes.
For example, an increased number of unemployed graduates in a certain discipline
can result in market saturation of these graduates. It is well known as a result of
labour market changes that graduates of some disciplines may need more time to
be employed than others. So, taking into account these difficulties in addition to
the system’s stages may result in a better admission system to admit students in a
discipline that meets their needs to graduate and get employment.
To do so, the chapter consists of four sections in addition to the introduction
section (first section). The second section presents the recent work on building a
conceptual model for higher education systems. The third section discusses the
methods used to build the conceptual model, which involves a simulation of the
model. The fourth section presents and discusses the outcomes of building and sim-
ulating the conceptual model. The last section concludes the chapter and suggests
the recommendation for having an efficient model of higher education systems.
5.1.1 Focus of the Study
The main focus of this chapter is to construct a conceptual model of the Omani
Higher Education system for students who aim to obtain a bachelor’s degree. The
model will adopt the outcomes of each stage as obtained in previous chapters 2, 3
and 4, and model the processes of the Omani Higher Education as a whole system
by considering students admission through graduation to the first employment, and
examining the potential impact of changes on admission policy.
Limitation
The study is limited to only those students who were in bachelor programs and
those who obtained a bachelor degree. As the main focus of the study is the number
of admitted students and graduates in each disciplines, the study did not include
the institution name within the variables used in the analysis, which will be left for
future research.
5.1.2 Statement of the Problem
Study outcomes, completion, drop-out or postponement are big concerns to
policy-makers, as these outcomes are considered as a measurements of higher edu-
cation strength which has impact on individuals and on economies. There are many
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students who may postpone or even withdraw from their studies for various reasons.
This withdrawal may affect in some way the expected graduation rates that may be
linked to certain development plans. For example, the opening of a new hospital af-
ter five years may require a certain number of nurses, and if the number of graduates
does not meet the demand expatriates are usually hired to fill the vacancies.
The other aspect of the problem is the waiting time to obtain a job. Many people
think that the Ministry of Higher Education is the one to blame when graduates
do not get jobs without taking into account other aspects of the labour market and
needs of these graduates. These include, for example, the type of specialisation, the
general assessment and the economic situation of the country in general.
There is a need to have a conceptual model to illustrate student flows in the HE
system and to demonstrate influential factors on student flows. Such a model would
help policy-makers to observe the possible impact of modifying admission on study
outcomes. They could also predict possible change based on the current situation
for both students and graduates when adjusting admission policy.
5.1.3 Research Objectives
Constructing a conceptual model of the Omani Higher Education system is the
main focus of this chapter. In this context, there are several objectives. The main
aim of this chapter is to investigate the interaction terms between different compo-
nents and stages of student transitions in the Omani Higher Education system. For
example, studying the impact of increasing the number of admitted students in a
certain discipline on the number of unemployed graduates in the same discipline. To
do so a conceptual model is built first to understand the processes of the system, fol-
lowed by building and simulating a dynamic system model for the proposed model.
To do so there are several objectives that need to be addressed, these are:
• To develop a conceptual model of the Omani Higher Education.
• To simulate the conceptual model.
• To build a decision support system for student admission into the Omani
Higher Education.
5.1.4 Study Significance
This study is significant in two-fold. The first one is significant in the context
of Oman, as to the best knowledge of the thesis’s author there is no such work in
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building a conceptual model of the Omani Higher Education, using aggregate data.
This study is significant in terms of including all the stages of Higher Education from
admission to graduation and waiting period for the first time employment.
5.2 Literature Review
Several sets of keywords have been used to find the recent work on modelling
higher education systems on two databases (Scopus and Eric) and Google Scholar.
Only one set seems to be the more appropriate than other sets of keywords. The
selected set involves the keywords of model, higher, education and system. The
keywords have been used in the field of article title to narrow the number of articles
found. There were 81 articles decreased to only 64 articles in the time window
of the last ten years (from 2010). Other sets of key words involves specific type
of modelling such as conceptual, system dynamic causal and integrated modelling.
Further examination has been done on these articles to select only the most relevant
article to the topic of modelling student in higher education.
Modelling higher education systems is important for education planners in terms
of defining its strength aspects and weaknesses. The methods used in this regard
have varied according to their objectives set. One of the commonly used methods is
the conceptual model, the other is system dynamic modelling.
5.2.1 Conceptual Modelling
Conceptual modelling is a type of modelling used to represent a certain sys-
tem in order to illustrate systems working in terms of inputs, processes, outputs
and the system mechanism. Presenting a system as a conceptual model is useful
in aiding people to understand how the system works and how improvement can
be implemented. The conceptual model is defined as “a non-software specific de-
scription of the simulation model that is to be developed, describing the objectives,
inputs, outputs, content, assumptions and simplification of the model” (Robinson
2004, p. 65).
Higher education is vulnerable to several changes which affect significantly the
number of enrolled students, (Strauss and Borenstein 2015). Such changes can be for
example, increasing the number of Higher Education seats or can be a reduction in
funded seats. Both cases have different impacts on HE enrolment. So, it is crucial
to have a tool to help policy-makers in making the most appropriate decision in
managing HE enrolment. One common solution is via modelling the HE system
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attempting to illustrate how the system works and what the possible consequences
are of any modification to HE enrolment in either the short or long term. The
importance of modelling higher education systems comes from its ability to provide
a comprehensive overview of the relationships between the main components of
HE system in the model. Its result is important in helping people to understand
influential factors on academic success, (Comeaux and Harrison 2011).
Conceptual modelling is used widely to illustrate any system by explaining its
components and how they interact inside the system. For example, focusing on
athletic students, a conceptual model was developed to understand the cumulative
processes and characteristics that affect their academic success (Comeaux and Har-
rison 2011). Conceptual modelling has been used also to illustrate the processes of
certain ethnicities or groups in the educational system in terms of the parameters
of retention rates and academic success, describing a conceptual model to provide
recommendation to educators and policy-makers regarding African-American male
students (Davis n.d.).
5.2.2 System Dynamic Modelling
One of the most well-known methods for modelling Higher Education is the
system dynamic modelling (SD). SD modelling has been used widely to model higher
education and to conduct a simulation study based on the obtained model. SD
modelling was used to provide a comprehensive tool to figure out the complexity of
the Brazilian HE system’s behaviour. To achieve the goal of such modelling, several
variables were included in the analysis such as government regulation, demand for
HE, available places and the needed balance of HE seats between public and private
sectors. The model obtained distinguished between private and public sectors of
Higher Education, but did not consider the employment of graduates as a part of
possible changes on HE enrolment (Strauss and Borenstein 2015). SD modelling has,
also, been used to detect possible consequences of potential changes on funding,
resource management and academic policy on academic resources and quality of
education, (Dahlan and Yahaya 2010). System dynamics has also been used to
explain the behaviour of social systems, (Nickbeen, Bogus, and Valentin 2018), and
to simulate and manage student enrolment (Al Hallak et al. 2019) .
Modelling higher education is important in several aspects. First of all it is
useful to support decisions making in education for long term planning. The use
of system dynamic modelling (SD) has been found useful in capturing the dynamic
nature of educational systems (Strauss and Borenstein 2015). Similarly, the results
of modelling HE is important in helping people understand influential factors on
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student academic success (Comeaux and Harrison 2011). Modelling in general and
dynamic system modelling, in particular, is important to explain the behaviour of
social system, (Nickbeen, Bogus, and Valentin 2018). SD modelling is important in
assessing HE strategies and predicting the future supply and demand of education
by simulating and managing student enrolment, (Dahlan and Yahaya 2010).
To sum up, modelling Higher Education is beneficial in illustrating the system
processes and suggest a recommendation to policy-makers accordingly. Modelling
Higher Education has been done mainly in two forms. The first one is the conceptual
modelling, in which the model takes only the role of describing the system and
explaining the interaction between its components. The other one is the system
dynamic modelling (SD) in which the model is developed to simulate the system
and analyse different scenarios of the system process. The proposed study aims first
to build a conceptual model to describe the Omani Higher Education system, which
involves employment status variables. Followed that a system dynamic model is built
to simulate the system and conduct a scenario analysis. When reviewing studies on
modelling it was evident that there was variation in the aims of modelling higher
education, the level of education involved, and the input variable selection.
5.2.3 Aims of Modelling Higher Education
The modelling HE systems may have different aims and involve managing differ-
ent issues in the HE processes. Such modelling has been used to provide a decision
support system to policy-makers in order to evaluate institution’s capacity (Dahlan
and Yahaya 2010; Ploywattanawong 2016) and has been used to increase student
retention and to find the significant factors on student decisions to continue studying
(Nickbeen, Bogus, and Valentin 2018; Jenicke, Holmes, and Pisani 2013; Forsman
et al. 2014). Modelling HE systems is used in long term policies to evaluate the
outcome of model’s simulation after adjusting the input variables in the model,
(Strauss and Borenstein 2015). Models predicting the future of a system like higher
education system is a useful process to help policy makers act properly with respect
to potential changes in higher education systems.
5.2.4 Educational Level of Modelling
In the reviewed literature, most of the work has been conducted at the insti-
tutional level rather than at a national level. A national level is comprehensive
and covers all HE institutions in the targeted country. It has been noted that it
is common to have work at an institutional level due to of being the work-place of
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researchers which consequently provides access to data sources. At an institutional
level, SD model has been used widely to model a certain institution’s education sys-
tem, (Dahlan and Yahaya 2010). Similar work has been conducted to develop a SD
model of students in one program of study in USA (Nickbeen, Bogus, and Valentin
2018).
While at a national level, SD has been used to model the Higher Education
systems as a whole or by taking one sector either private or public. The system for
Brazilian undergraduate education was modelled to provide a comprehensive illus-
tration of the system to the policy-makers (Strauss and Borenstein 2015), another
study targeted only the private Higher Education sector in Syria (Al Hallak et al.
2019).
5.2.5 Input Variable Selection
Reviewing the literature has indicated that there is no specific set of variables
involved in constructing a conceptual model of HE. Such differences are a result of
different aims of building the model and the data available for the analysis. So, the
variables used in the literature are explained next.
The number of available staff play a significant role in determining the number
of new students in higher education, and it is indicated by the staff/student ratio.
The staff/student ratio is defined as the number of staff to other group, which is
in this context the number of staff to the number of current students. For better
enrolment management, modelling the Higher Education system needs to pay more
attention to the staff/student ratio, as it is an influential factor on limiting the
admission capacity, (Al Hallak et al. 2019).
The other important variable is the financial aid to students, which is in other
words all types of financial aid to help students getting the opportunity to complete
tertiary education. These include public seats, scholarships and grants, (Nickbeen,
Bogus, and Valentin 2018). Other variables examined depend on the type of study.
These variables can be summarised as student characteristics, family background,
academic factors, and institutional factors.
5.2.6 Gaps in the literature
As far as the literature has been reviewed, none of the reviewed work included
the period after graduation in modelling the HE system. Such exclusion of the pe-
riod after graduation can be seen to be due to the main focus of studies as modelling
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only the HE. This thesis aims to use after graduation indicators (such as accumu-
lated number of unemployed graduates and the average time until first employment)
as inputs when planning HE admission in terms of allocating students to different
disciplines. This period is placed between graduation and the time to first employ-
ment. The importance of this period comes from its provision of two indicators,
the time needed by graduates till they obtain their first time jobs and the num-
ber of graduates waiting for jobs. Such indicators should be included as inputs in
modelling higher education system in Oman.
To some extent most of the reviewed articles have conducted similar studies
regarding, the part, admission till graduation, but no-one has included the waiting
period for a job in the analysis. For example, the work of Dahlan and Yahaya
(2010) is similar to this study in considering faculty-teachers to determine the faculty
capacity of new students.
As the proposed model consists of all stage of student transitions in HE including
student admission, the work of Al Hallak et al. (2019) is adopted to construct the
first part of the conceptual model ‘managing the enrolment’. At the same stage of
student admission, the work of Dahlan and Yahaya (2010) is useful in the thesis to
determine the capacity of a certain discipline to admit new students by balancing
the number of applicants to the number of available HE seats. Definitely such work
should consider the drop-out students and returning students as well.
The main contribution of this chapter is twofold. The first one is in the context,
to the best knowledge to the author of this thesis there is no such work to model the
Omani Higher Education system. Second, unlike the models reviewed, this model
includes two additional variables related to graduate employment, the time until
first employment and the number of unemployed graduates. These variables would
be included in managing HE, as it is not appropriate to admit students to a major
when there is a high unemployment rate for that discipline.
Constructing a model of Higher Education system will be a useful tool to aid
decision-makers in managing HE and student admission in particular. The obtained
model will provide decision-makers with the ability to conduct and analyse results
for several scenarios, which can then be used to adjust admissions. For example,
what are the expected outcomes of an amendment to the admission policy in terms of
requirements or in terms of seats offered? There may be negative or positive effects
on student completion rates or graduate employment status. Negative effects are
unwanted results such as an increase in attrition rates or an increase in the waiting
period after graduation. In contrast, positive impacts are seen as high retention
rates and short times of unemployment. So, for a better outcome, policy-makers
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can observe different scenarios adjustment in admission policies so that the decision
made may have the best possible result.
5.3 Methods
Using SD methods to model the Omani higher education system, involves pro-
viding a comprehensive description of the educational system in addition to testing
a number of possible changes on admission policy by setting up multiple scenarios
which are simulated. Various input variables are included in building the conceptual
model of the Omani Higher Education system. The proposed model includes three
consecutive stages:
The first stage is the “allocating HE seats” stage. In this stage, school graduates
apply for a HE seat and the ministry allocates applicants to the most appropriate
seat according to their weighted average score and their desire to undertake a par-
ticular study program. Deciding the number of HE seats in terms of capacity and
type is up to institutions with staff/student ratios in each discipline needing to be
satisfied in addition to admission criterion. This stage also includes the use of a
number of variables, which provide feedback, from the following stages of previous
years. For example, the probability of a student moving from one academic year to
another, or the probability that a graduate will have a job over a given period of
time.
The second stage of the model is “student flow in the HE system”. This stage
provides a comprehensive view of student processing from one year of study to the
next one. This stage, also, shows the student drop-out in each year of study beside
the probability of completing the study and the expected number of students in each
year of study.
The last stage is the “waiting period after graduation”. This stage consists of
four states. The first state is the employment status, which indicates the number
of employed graduates in a certain discipline. The other three states have the
number of graduates who are waiting for different period of times, measured in years.
Constructing the simulated model should be aware of these states as unemployed
graduates need to be updated in all states at each cycle of time allowing unemployed
graduates to transfer to employment status if employed, otherwise move to the next
year. An assumption made is that unemployed graduates in state 3 are accumulated
which means when graduates reached this point they will remain in this state until
finding a job and moving to the employment state.
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5.4 Data
The data used in this chapter is based on results of the previous chapters analy-
sis, which used data from the Ministry of Higher Education’s systems and graduate
surveys, as follows: Admissions Data for Higher Education, data from the Higher
Education Statistical System and Data from the Graduates Survey. The results
used in the model includes the seat allocation, transition probabilities and time to
employment.
5.4.1 Admission Data (Seat Allocation)
This admission data has been used in the second chapter. There are several
considerations to be taken in account when building the conceptual model for the
Omani higher education. First of all, setting the seat allocation. Second, considering
the gender differences.
5.4.2 Transition Data (Probabilities)
The second stage involves all information regarding the transition probabilities
in terms of movement from one year of study to the next one and in terms of leaving
the system with a qualification (graduation) or without qualification drop-out and
postponing study. The outputs of chapter three provide the transition probability
matrices, which involves transitions from one year of study to the next one, leaving
study temporarily or permanently and graduation.
5.4.3 Graduate Data (Time to Employment)
The third stage involves two important results to be considered in the simulated
model. The unemployment period by gender and discipline, and the number of
unemployed graduates by the time since graduation.
5.4.4 Summary
The student data obtained is used in the simulated model. Specifically:
1. Seats allocation is used to initialise the system by using the number of offered
seats in one academic year.
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2. The transition probabilities are embedded in the model to simulate student
transitions in the system.
3. The unemployment period is included for each group of students (by gender
and discipline).
The model obtained is capable of showing results in terms of the number of
students getting into the system or leaving the system temporarily or permanently,
in addition to student graduation.
5.5 The Model
Several steps need to be followed to build a system dynamic model, (Albin
2011). These steps are summarised as determining the aim and boundary of the
model followed after that by describing the system behaviour in terms of the key
variables.
A change in the higher education system will later affect the rest of the education
system components. For example, changing the admission policy to become more
restrictive would enhance retention rates in the education system (as been indicated
in Chapter 2 of this study). Therefore, it is important to have a system to assist
decision-makers so that they are aware of the expected changes due any possible
changes in the education system. It is in this sense that the modelling of the higher
education system aims to illustrate the stages of Omani Higher Education system
to provide a better understanding of the system in terms of admitting, teaching and
graduating students in addition to the time spent by graduates waiting for a job.
The model, is proposed to investigate admission policies in terms of allocating HE
seats which will improve the system’s behaviour in terms of increasing retention and
completion rates beside reducing the waiting time for a job after graduation.
The model used in this chapter is complementary to the work of the previous
chapters of this study in which the focus was on undergraduate students. The
selection of the study population of undergraduate students is due to two main
reasons. The first reason is the richness of the available data and the availability of
sufficient data to conduct the statistical analyses required in the study. While the
other reason is that the problem of unemployment is more common among bachelor
graduates than diploma graduates, and this may be due to other considerations
regarding employment such as salary gap obtained, but this topic is outside the
scope of this study. Therefore, the limits of study will be undergraduate students
in the Omani higher education system.
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In general, there are four basic stages in the higher education system through
which the student passes, figure (5.1). The first of these stages is the distribution of
students to the seats allocated to each discipline. The issue of the allocation of these
seats is subject to a number of considerations that will ensure the achievement of the
objectives of the plan established by this allocation. This could be, for example, by
achieving a certain level of student enrolment annually, or by improving the chances
of students entering the labour market by allocating more seats in the desired spe-
cialities in the market. The most important of these considerations is the number
of seats funded annually, which is a fundamental pillar in the educational system,
where most of the educational systems, if not all, aim to equip students with the
necessary knowledge and skills to be able to join the labour market and build their
communities more effectively. This is followed by the number of teachers available
to teach these students, which is usually measured by the ratio of teachers to the
number of students in each discipline in each educational institution. Increasing the
number of students with the same number of teachers would negatively affect the
educational process. Therefore, there is a need to have a standard level of staff-ratio
to the number of students expected to be admitted in each discipline and institution.
Despite the importance of these considerations in the educational process, there is
a need for other indicators to be taken into account. Examples of these indicators
could be the labour market demand for graduates, the size of expatriate labour that
can be replaced by local employment and the number of expected graduates in each
discipline. All these indicators and the two considerations, the target enrolment
rate and the number of funded seats annually, should be managed properly to en-
hance graduate employment. Unfortunately, the data used in the analysis did not
involve all these numbers and indicators due to data leakage and anomalies previ-
ously discussed (refer section 3.10.1). However, the typical model should include all
of them.
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Figure 5.1 Stages of A Conceptual Model of Omani Higher Education
The second stage the transition phase, in which the student moves from suc-
cessive years of study to graduation. Note that the transfer of students from one
discipline to another or from one institution to another year was not included in this
study because there is no accurate data in the statistical system of higher education
to identify such movements. This stage allows decision-makers to know the time
needed to obtain a qualification. It also gives important indicators of student drop-
out rates in various years of study, in addition to the expected number of learners
per academic year. The importance of these indicators is that they are a catalyst for
improving the educational process and identifying the deficiencies where it is used in
an appropriate manner when planning and developing admission policies for higher
education.
The third stage is the graduation and job search stage. Undergraduate study
ends with the graduation of students getting the required qualification, and then
beginning the search for a job. Some graduates may be lucky to get a job right after
graduation, while some may take more than a year to get a job. Through this stage,
decision-makers are getting indicators of graduation rates and employment rates for
these graduates.
This stage is followed by the job search phase, which includes the period spent
by the graduate in the waiting period between graduation until the first job obtained
commensurate with their qualifications. There is a possibility because of the urgent
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need for the job that the graduate accepts temporary work in a job without needing
the qualification obtained. The main indicators that can be drawn from this stage
are the number of unemployed graduates and the period they spend without a
job. These indicators can be used later in the admission planning to ensure that
unemployed graduates do not accumulate in a specialisation for a long time, by
shifting some of the seats allocated to this specialisation to another one that is in
greater demand in the labour market.
The conceptual model of higher education is illustrated, showing student tran-
sitions starting from allocating students to disciplines and ending with graduation.
The model involves student transitions either in or out of the system, which are
treated separately for each discipline.
5.5.1 The Analysis
The issue of allocating HE seats, in accordance with the current situation of
students who are studying the educational system with the actual needs of the
labour market for graduates, is a sensitive issue because of its impact on individuals
and society alike. Therefore, in order to obtain the best possible results from this
analysis, it is assumed that student movement within the education system remains
constant1. This means that the probability of moving from one academic year to
another will remain constant to clarify the expected impact of any amendment on the
admission policy in terms of changing the number of seats (scholarships) allocated
to each discipline.
The problem of the lack of data is an obstacle to the implementation of a model
of student flows within the educational system, mainly due to two reasons. The
first one is the multiplicity of data entry sources in the statistical system that led
to the entrance of each institution data in accordance with its own vision. That
is, the integration between these institutions and the Ministry regarding student
data does not exist. Some institutions also showed no logical data, as they handled
data on an annual basis. In other words, student data was entered each year and
is independent of the data for the next years. This is evident in the presence of
numbers of students who entered the system without indicating the source, and
the presence of other numbers who came out of the system without knowing their
destination, whether to another educational institution or/and to another discipline
(refer section 3.10.1). To overcome this problem, the researcher has used aggregate
data due to the lack of individual data. The researcher established criteria to decide
if data were reasonable and logical in terms of students in various stages of the
1The transition matrix of student transitions will be the same regardless of the academic year.
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system (refer section 3.11). After research and examination of the data of several
disciplines and institutions, the engineering and education disciplines were chosen
as the most credible of disciplines in terms of valid data. To illustrate the purpose
of this study, two different models will be presented for males and females. Each
model has a path for each discipline (Engineering and Education). So, the next step
is to analyse the consequences of modifying the seat allocation between these two
majors.
5.5.2 The Conceptual Model of the Omani Higher Educa-
tion System
The conceptual model is built to understand how a system is working and can
be used as well to explain how a system should work. To clarify it, the conceptual
model is used to help people understand the terms and processes used in a model. In
this context, the conceptual model was used to illustrate the movement of students
within the Omani higher education system, from admission until graduation and
employment.
In Oman, at the end of each school year (June), the Omani Ministry of Higher
Education (MoHE) announces a number of higher education around 25,000 funded
sets (refer table ??) distributed between private and public institutions, in addition
to a number of seats for external scholarships (refer figure 5.2). After that school
graduates apply for these seats according to meeting certain requirement in each
study program. Then, MoHE announces the admitted students in each study pro-
gram, and the admitted students start their study in the institutions where students
are admitted. During the year of study, students may leave study in either ways
temporarily and permanently. Students who complete their study (graduates) may
find a job or may wait for a time until get employed.
Understanding this model would help policy-makers to improve the higher edu-
cation by enhancing the admission policy to be more responsive to the current situa-
tion of student attrition, retention and graduation and graduate employment and the
time needed till the first employment (if happen). This analysis goes through each
stage of student progression, beginning with allocating students to disciplines.
Having different models for disciplines is due to their different nature and aca-
demic success. One of the most important tools used by decision-makers is to develop
an envision what might happen in the future if an amendment is made to a system
or a policy. Multiple scenarios are analysed for any expected change. Therefore, in
order to develop these perceptions and analyses, it must first understand the sys-
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tem functionalities by analysing how the system processes its inputs to produce its
output.
Figure 5.2 The Process of the Omani Higher Education System
In general, allocating students to higher education disciplines should consider
the factors as illustrated in figure 5.3. The first factor is related to the governmental
effort to manage higher education, namely the budget and the number of available
seats, which are used to achieve the government goal of targeting enrolment per-
centage every year. This is not clearly stated in the ministry goals. However, such
targets are obtained from historical data of the ratio of admitted students to the
number of applicants. The second factor is related to the characteristics of school
education graduates, namely the number of potential applicants and the number
of females and males. The third factor is related to institution capability to admit
students. Having sufficient funds and enough students to enrol in higher education
does not mean that all students will be admitted as there are factors related to
higher education institutions such as teaching staff, study rooms and available fa-
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cilities. These three factors need to be taken into account in Oman, but two other
factors may not be considered in a proper way when planning admission into higher
education. Student data provides important indicators of study outcomes. For ex-
ample, drop-out rates and graduation rates can help decision-makers know how the
educational systems are graduating students. Student data, in particular graduate
data can be used to tell the decision-makers which disciplines are in high demand
in the labour market and when graduates of each discipline are struggling to find a
job, as they may stay in along period of unemployment (more than six months for
example). The last factor is related to the labour market ability to admit Omani
graduates in a reasonable period of time. The market should, also, tell the policy-
makers the future demand for graduates in addition to the number of expatriates
with a university degree to be replaced later with Omani graduates (Omanisation).
Definitely, such a step of replacing expatriates needs to consider the type of work
and the needed experiences for workers to do their jobs. Five factors with various
indicators have been illustrated and should be considered in planning admission into
the Omani higher education. Consideration of these factors would result in having
a responsive higher education admission to the potential need for graduates.
Figure 5.3 Potential Factors on Allocation Decision
As it has been explained early, the model starts by allocating students to differ-
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ent disciplines according to admission planning. The allocation of funded seats by
discipline in seven sequential academic years (refer table 2.4) shows that in spite of
the small change in allocation, disciplines of engineering and management and com-
merce have more than 50% of the funded seats every year after the year of change
(2011). In order to simulate the data of student transitions, two academic year allo-
cations can be used to initialise the simulation. The first one used is the allocation
of the academic year 2015/2016, which is the last academic year used to obtain the
transition probability matrices in chapter 3. The other option is to use the recent
available allocation data, which is for the academic year 2018/2019. In order to
show the impact of changing the allocated seats in each discipline, two disciplines
are selected, education and engineering (in line with the selected disciplines in pre-
vious chapters) (refer figure 5.4). For education, it would be a good opportunity to
evaluate the changes happened when the education allocation changed from 1.8%
in 2015/2016 to 5.6% in 2019/2010 by using the same transition probability matrix
(as been obtained in chapter 3). In contrast, engineering allocation decreased from
32.4% in 2015/2016 to 25.3% in 2019/2020. Notice that the number of admitted
students were 25469 in 2015/2016 and 24445 in 2019/2020.
Figure 5.4 Student Allocation to Disciplines in Two Academic Years
Students usually pass five years of study to obtain a bachelor degree. Bear in
mind year 1 in the analysis indicates the first year of study, which is usually the
foundation year of study. As observed in previous analysis (refer section 3.10.2)
students may obtain a degree in less time period as a result of previous study.
For example by moving from another institution, but being recorded in the new
institution as a new student. At each year of study, students may leave study
temporarily (postponing) or permanently (refer figure 5.5). Notice that, due to the
data structure, other cases of transition are considered as leaving temporarily. In
this research, any transition that does not lead to leaving the system permanently is
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defined as a temporarily leaving, this includes transitioning to another institution,
withdrawal and postponing.
Figure 5.5 Student allocation and progression within HE
Analysing student transitions should give valuable information for planning
higher education. For example, the number of students who left study in either
cases (temporarily and permanently) in each year of study, can be used later to find
the reasons risen behind any unjustified increase in these numbers.
5.6 Results and Discussion
In order to demonstrate the suggested model of the Omani higher education
system, two disciplines are used education and engineering. The simulation is run
for the period of 20 years between 2014 and 2033. Selection of this long period is
to capture the behaviour of student transitions in the longer term. A few points
need to be clarified before undertaking to the analysis. Firstly, at this stage gender
is not considered in the conceptual model as the goal now is to illustrate how the
system works and to show what type of information can be obtained. Secondly,
due to the structure of the software used in the analysis (Stella Architect), running
the stock and flow model requires that all calculations of stock and flow need to be
done once in each time period. The issue is that when students enter the system,
they move through the years of study one by one, what happens in the software is
different, as the calculation is done at once instead of following the sequence of years
of study. However, to make the analysis easy, the initial year is kept as it is done
by the software. Other software trialled, AnyLogic 7 for example, has the same
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problem. Thirdly, the transition probability matrices show there is a probability
of staying in the same year of study, or in other words repeating the year. This
transition probability led to a slight increase in the number of students in each year
of study. Education and engineering would be good examples to illustrate the model
and explain student transitions from admission to graduation and then to the labour
market. In each discipline, several aspects will be discussed and compared with the
other discipline at the end of the analysis. For example, the number of students
in each year of study, the number of students who left study either temporarily or
permanently and the number of graduates.
The model used in the analysis consists of three types of variables. The first
group consists of the number of students in each year of study, which are indicated
by the stocks in the model. The model has five stocks, each denotes one year of
study in each discipline Yi. The number of graduates in each year of study is kept
in another stock namely grd. The second group of variables are called the flows,
which illustrate the transition between the years of study and the transitioning out
of the years of study (leaving temporarily and leaving permanently). Values of these
variables (the number of students to transit) are calculated by using the transition
probability matrices obtained in section 3.11. The terms used in the model are:
• edu to indicate education discipline, and eng to indicate engineering discipline.
• Seats is the number of allocated seats to a discipline.
• Yi indicates the year i of study.
• LT indicates the number of students left temporarily.
• LP indicates the number of students left permanently.
• Yi to Yi+1 indicates the transition from one year of study to the next one.
• Yigrd indicates the transition from year i to graduation.
• grd indicates the total number of graduates regardless the previous year of
study.
The flows in the following two models are calculated by using the relevant tran-
sition probability matrix (refer table 3.25). For example, the flow of eduY 1toY 2 is
counted by multiplying the number of student in year 1 by the transition probabil-
ity of moving from year 1 to year 2. Notice that an extremely a small value for a
transition probability (less than 0.0001) is considered as zero.
In order to set the number of annual allocations for education and engineering,
the average and standard deviation of the higher education seats in 12 academic
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years is used (refer figure 5.6). The number of higher education seats fluctuated
around 25000 in the last six academic years indicating that there was not a big
change in the number of the seats. However, calculating the average number of
seats of all available academic years shows that there was 23459 seats in average
with a standard deviation of 5586. The number of seats allocated annually to each
discipline is evaluated by assuming the number of available seats in total follow
the normal distribution (mean=23459 and s.d=5586). Then, the obtained number
of seats is multiplied by the relevant percentage. For example, when the number
of funded seats is 2500 and the education allocation is 1.8% in 2015/2016 then
the number of students who enter the first year of study is 25000 × 1.8% = 450
students.
Figure 5.6 Funded Higher Education Seats by the Academic Year
The obtained models can be divided in three stages, allocation, progression
(includes graduation) and after graduation (unemployment period).
5.6.1 Education Discipline
The Education discipline shows a reasonable transition probability matrix (refer
table 5.1), which is used in the following analysis to build a conceptual model of
student transition and to simulate this model to produce several important indicators
namely the number of students in each year of study, the time needed to complete
a degree, the number of graduates and the number of leaving students to policy
makers.
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Table 5.1 Student Transition Probability Matrix (Education)
eduA Y1 Y2 Y3 Y4 Y5 LeaveT Graduate LeaveP
Y1 0.1318 0.6372 0 0 0 0.0977 0 0.1333
Y2 0 0.2930 0.5742 0 0 0.0592 0 0.0736
Y3 0 0 0.0603 0.7314 0 2.67E-15 0.1979 0.0104
Y4 0 0 0 2.38E-19 0.2062 1.17E-18 0.7938 1.38E-18
Y5 0 0 0 0 6.55E-19 5.34E-19 1 4.98E-19
The model starts by setting the number of occupied seats in education, and
ends with graduation or leaving the educational system in either ways temporarily
or permanently (refer figure 5.7).
Figure 5.7 Student Transitions in Education Discipline
Two cases of seats allocation are used in this analysis. The first one is when the
allocation for education is 1.8% of the total available seats as in 2015/2016, and the
other case is when the allocation is 5.6% as in 2019/2020.
5.6.1.1 Case 1 Education students: 1.8% of allocated seats
In the first case, the annual average of admitted students into the education
discipline is 409 students. It is also noted that the graduation rate for this category
is 153 graduates annually (refer table 5.2). Between admission and graduation, there
are a number of important indicators, among which are the number of students
studying and the number of students leaving the system in each academic year. The
average numbers of students in each year of study are 453, 369, 206, 136 and 24 for
the years from year one to year five respectively.
Leaving the system temporarily happens in the first two years of study with
average of 44 in year one, than this number is halved in year two to 22 students.
Likewise, leaving the system permanently starts high in year one (average of 60)
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then halved in year two (27). A couple of cases leave permanently in year three.
What is understood from this is that leaving the system in either ways occurs mainly
in the first year of study, which raises a question regrading the reason behind the
decision to leave.
Perhaps the student’s choice of the education discipline may not be their first
choice, which is what drives them to leave the system later. However, further inves-
tigation on this will be left for a future research.
Table 5.2 Case 1 Simulating education students (1.8% of HE seats)
Case 1 Edu Seats Y1 Y2 Y3 Y4 Y5 LT1 LT2 LP1 LP2 LP3 grd
2014 314 314 200 115 84 17 31 12 42 15 1 107
2015 229 356 259 122 84 17 35 15 47 19 1 107
2016 243 276 302 156 89 17 27 18 37 22 2 108
2017 548 280 265 183 114 18 27 16 37 19 2 119
2018 275 585 256 163 134 24 57 15 78 19 2 145
2019 728 352 448 157 119 28 34 27 47 33 2 162
2020 441 774 356 267 115 25 76 21 103 26 3 153
2021 458 543 598 220 195 24 53 35 72 44 2 168
2022 452 530 521 356 161 40 52 31 71 38 4 222
2023 403 522 490 321 261 33 51 29 70 36 3 239
Average 409 453 369 206 136 24 44 22 60 27 2 153
SD 154 163 135 83 56 8 16 8 22 10 1 47
5.6.1.2 Case 2 Education students: 5.6% of allocated seats
In this case, the allocation of education seats increased from 1.8% to 5.6%. On
average, case 1 indicators have been trebled in case 2 (actually more than three
times). The average annual seats allocated to education increases from 409 (case 1)
to 1273 (case 2). The same applies to other indicators, and this is due to the increase
in the number of those enrolled in this major. The average number of graduates
according to this distribution (5.6%) was 476 graduates, So it may be useful for
policy-makers to take into account that increasing the proportion of seats allocated
to education specialisation from 1.8% to 5.6% (an increase of 3.8%) will lead to an
increase in the number of graduates by about three times.
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Table 5.3 Case 2 Simulating education students (5.6% of HE seats)
Case 2 Seats Y1 Y2 Y3 Y4 Y5 LT1 LT2 LP1 LP2 LP3 grd
2014 977 977 623 358 262 54 95 37 130 46 4 332
2015 713 1106 805 379 262 54 108 48 147 59 4 332
2016 757 859 941 485 277 54 84 56 114 69 5 337
2017 1706 870 823 569 355 57 85 49 116 61 6 370
2018 856 1820 795 507 416 73 178 47 243 59 5 452
2019 2265 1096 1393 487 371 86 107 82 146 103 5 504
2020 1371 2409 1106 829 356 76 235 65 321 81 9 477
2021 1425 1688 1859 685 606 73 165 110 225 137 7 523
2022 1407 1647 1620 1109 501 125 161 96 220 119 12 690
2023 1255 1624 1525 997 811 103 159 90 216 112 10 742
Average 1273 1410 1149 641 422 76 138 68 188 85 7 476
SD 479 508 422 259 175 24 50 25 68 31 3 146
5.6.2 Engineering Discipline
Similarly to the education discipline, the engineering discipline shows a reason-
able transition probability matrix (refer table 5.4), suggesting that the matrix can
be used for further analysis and simulation.
Table 5.4 Student Transition Probability Matrix (Engineering)
engA Y1 Y2 Y3 Y4 Y5 LeaveT Graduate LeaveP
Y1 0.1606 0.7034 0 0 0 0.0345 0 0.1015
Y2 0 0.4294 0.5213 0 0 0.0006 0 0.0487
Y3 0 0 0.4181 0.5703 0 0.0004 3.32E-19 0.0112
Y4 0 0 0 1.11E-18 0.4605 2.929E-19 0.5395 1.95E-19
Y5 0 0 0 0 0.0247 1.97E-19 0.9753 1.60E-19
The model used to simulate student transition in the engineering discipline in-
volves five stocks, each denoting one year of study. These stocks (the number of
students in each year) is changed by those who comes in (added to the stock) and
those who come out (subtracted from the stock) (refer figure 5.8).
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Figure 5.8 Student Transitions in Engineering Discipline
5.6.2.1 Case 1 Engineering students: 32.4% of allocated seats
In contrast to the education discipline, the percentage of seats allocated to en-
gineering decreased from 32.4% to 25.3% over the period between the 2015/2016
and 2019/2020 academic years, so the expected change is a decrease in the overall
indicators. The first case illustrates the indicators when 32.4% of funded seats go
to engineering discipline. On average, there are 7797 students admitted to engineer-
ing, corresponding to 3758 graduating annually (refer table 5.5). Large numbers
of students leave study in year one of study, either temporarily (average of 314)
or permanently (average of 924). As been indicated earlier large number of stu-
dents leaving in the first year can be due to the fact that students may change their
intention to study their discipline in the first year.
Table 5.5 Case 1 Simulating engineering students (32.4% of HE seats)
Case 1 Seats Y1 Y2 Y3 Y4 Y5 LT1 LT2 LT3 LP1 LP2 LP3 grd
2014 8674 8674 6101 3181 1814 835 299 4 1 880 297 36 1793
2015 8403 10067 8721 4510 1814 856 347 5 2 1022 425 51 1793
2016 7388 10019 10826 6432 2572 856 346 6 3 1017 527 72 1813
2017 9807 8997 11696 8333 3668 1206 310 7 3 913 570 93 2223
2018 5618 11252 11351 9581 4752 1719 388 7 4 1142 553 107 3155
2019 8924 7425 12789 9923 5464 2231 256 8 4 754 623 111 4240
2020 5059 10116 10714 10816 5659 2571 349 6 4 1027 522 121 5124
2021 6928 6684 11716 10107 6168 2670 231 7 4 678 571 113 5561
2022 8515 8002 9733 10334 5764 2906 276 6 4 812 474 116 5931
2023 8655 9800 9808 9394 5893 2726 338 6 4 995 478 105 5944
Average 7797 9104 10345 8261 4357 1858 314 6 3 924 504 93 3758
SD 1523 1413 1896 2651 1741 860 49 1 1 143 92 30 1797
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5.6.2.2 Case 2 of engineering students: 25.3% of allocated seats
In the second case, the engineering allocation is reduced to 25.3% of the total
number of seats. The average number of allocated seats decreased to 6088, and the
average number of graduates dropped to 2934 graduates (refer table 5.6). Similarly
to case 1 of engineering, leaving the system for any reason occurred mainly in the
first year of study. Notice that both cases show a reduction in the number of students
leaving the system as the study advances.
Table 5.6 Case 2 of simulating engineering students (25.3% of HE seats)
Case 2 Seats Y1 Y2 Y3 Y4 Y5 LT1 LT2 LT3 LP1 LP2 LP3 grd
2014 6773 6773 4764 2484 1416 652 234 3 1 687 232 28 1400
2015 6561 7861 6810 3522 1416 668 271 4 1 798 332 39 1400
2016 5769 7824 8453 5023 2009 669 270 5 2 794 412 56 1416
2017 7658 7025 9133 6507 2864 941 242 5 3 713 445 73 1736
2018 4387 8786 8863 7482 3711 1342 303 5 3 892 432 84 2464
2019 6968 5798 9986 7749 4267 1742 200 6 3 588 486 87 3311
2020 3951 7899 8366 8445 4419 2008 273 5 3 802 407 95 4001
2021 5410 5219 9149 7892 4816 2085 180 5 3 530 446 88 4342
2022 6649 6248 7600 8069 4501 2269 216 5 3 634 370 90 4632
2023 6759 7653 7658 7335 4602 2129 264 5 3 777 373 82 4642
Average 6088 7109 8078 6451 3402 1451 245 5 3 722 393 72 2934
SD 1189 1104 1481 2070 1360 672 38 1 1 112 72 23 1403
In spite of changing the allocated seats for engineering, engineering have always
the largest proportion of HE seats among other disciplines (refer table 2.4), reducing
the seat allocation from 32.4% to 25.3% led to a reduction in the average number of
graduates in each yearby 824 graduates. So, policy-makers should be aware when
deciding to modify the number of allocated seats in each discipline.
5.6.3 The unemployment period
Chapter four was dedicated to investigating the unemployment period after
graduation. Policy-makers in the higher education sector should be aware of this
period, as no-one want to send students to a certain discipline, when graduates of
this discipline struggle to find a job. In this context two main issues are consid-
ered, the employment probability and time to first employment. In terms of the
employment probability, education graduates are more likely to obtain a job than
engineering graduates (refer table 4.34). The main findings for education and en-
gineering disciplines are as follow. Education graduates need in average 33 months
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to find a job, while engineering graduates need in average 21 months to obtain the
first time job.
A final point remains in this study, it is important to point out. This study relied
on data already in the Ministry of Higher Education, with the aim of searching for
a mechanism that allows the use of the vast amount of data in the ministry in order
to enhance the decision-making process in the admission process in accordance with
the current and expected conditions of graduates, in terms of expected numbers of
graduates, opportunities and time of getting a job. It is important to refer to studies
related to the labour market demand for graduates. There are a number of studies
related to this matter that are predominantly economic and which fall outside the
boundaries of this study. However, the next few sections show some works in this
regard.
5.7 Labour Market Demand for Graduates
Estimating demand for graduates is crucial to the policy makers, as it gives an
indication of how the labour market changes and how graduates can be fitted in the
market in response to this change. So, HE policy makers should look carefully at
the labour market signs, as there may be unwanted consequences of misdealing with
the market situation.
Demand is an economic term used often to indicate the relationship between
the quantity of a product or service which will be consumed at a certain time and
the cost of this product or service. Demand Estimation is defined as the expectant
number of available jobs in the future (Bartholomew, Forbes, and McClean 1991). In
the context of this study, the concept of demand for graduates was used to indicate
the estimated number of graduates needed to be employed in the labour market.
Such an estimation was not linked to the average wage of employment, as the focus
on the number of employed graduates regardless the appointed salary. Demand for
graduates is different from demand for Higher Education. The first one is linked
to the employers’ perspective in terms of their need for employing new graduates.
While the other one is linked to the size and capacity of Higher Education to admit
school leavers in tertiary education.
5.7.1 Estimating Demand for Graduates
Estimating demand for graduates is crucial to policy makers, HE institutions and
parents, as it gives an indication of the most and least demanded jobs for graduates,
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allocating institutions and parents to make the right decision according to their own
perspective. That’s mean policy makers could modify HE admission to react to
the labour status, while the HE institutions may open or close some discipline to
meet the demand for a certain major. Parents may use the indication to guide their
children to focus more on a particular subject in their school study.
Demand for some occupations, such as doctors and teachers, is different from
demand for other occupations, such as engineering and accounting, as they are linked
to the population’s size and structure in terms of gender and age distribution. For
example, predicting the demand for teachers relies on the increase of population in a
certain city, which is similar to the demand for doctors. In other words, demand for
such occupation depends on the number of residents who seek for their service.
Developing a model to estimate demand for graduates of a certain discipline is
important to the policy makers in planning workforces (Hooker, Cawley, and Everett
2011). Definitely, such work on demand estimation is linked to the supply estimation
as well. Having such estimation of demand will give the policy makers a valuable
information to avoid or prevent any possible shortage or surplus of graduates. So,
both supply and demand are needed in planning manpower especially on Higher
Education industry.
Policy makers in this study, are those people who are responsible for formulating
Higher Education policy and strategic planning. Policy makers (in HE) are aware
that all types of industries need well-educated workers, as they take the responsibility
of allocating school graduates in different HE programs. Policy makers aim to avoid
imbalance or mismatch between the available workers (e.g graduates of a certain
discipline) and the actual need of these workers, by ensuring that the right number
of workers with the right knowledge will be in the right position at the right time
(Dreesch et al. 2005). Different methods have been developed to find both sides of
human resource; the availability of these resources (supply) and the need for them
(demand).
After estimating the demand for graduates in the labour market, it may be
possible to determine the number of students needed in each discipline in HE. Def-
initely, deciding such numbers should take into account the labour market size and
the rate of leaving the market for any reason, for example for retirement, end of
contract, replacement by local people and so on. Student retention and attrition
rates in HE, may also need to be considered as these rates (refer to the result of
chapter 3 regarding these rates) provide an indication in terms of students’ progress
through the system and the expected number of students to graduate in a sequence
of years. The required number of graduates to meet the demand for them in these
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three job examples (doctor, teacher and agricultural engineer) does not mean that
related institution should graduate exactly these numbers. So, in such cases the
admission policy should admit more students to meet any future shortage.
In the current study only graduate employment and unemployment status were
used to build our model to estimate the demand for graduates of a certain discipline.
The main challenges to conduct such analysis is the data availability. In some cases,
the data is available but not precise. Having such difficulty may prevent developing
the proposed model to estimate the demand for graduates.
Notice that estimating the demand for graduates requires estimating the supply
of graduates as well. Followed then by a sensitivity analysis or even investigating
the balance between the estimated demand and supply of graduates.
5.7.2 Challenges on Estimating the Demand for Graduates
Estimating demand for graduates in general may not be possible, as there is
no such research - according to the best knowledge of the author of this study- has
been conducted to estimate the demand for all types of graduates at once (different
disciplines in one variable). So, it may be better to look for a certain discipline at
a time such as teachers (Education), Nurses (Health) and Engineers (Engineering).
Then, finding an appropriate model to estimate the demand for graduates of each
of these groups.
5.7.3 Work on Demand Estimation
The literature shows demand for graduates from different discipline rather than
just demand for graduates. So, it would be useless to look only for demand for
graduates without emphasising type of them. Thereafter, researching the literature
for the recent methods in estimating demand for graduates start by looking for the
main disciplines that research consider mostly. These discipline are: health and
education.
5.7.4 Demand Estimation in Health
Demand estimation in health sector is needed for planning medical workforce,
which relies mainly on population characteristics like size and health status of pop-
ulation groups, (Nirel et al. 2015). Demand in health industry is considered as one
of the major research when we look on estimating demand for educated labour, or
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in other words demand for graduate employment. Health industry involves several
categories, like specialist doctors in different areas, nursing, physician, administra-
tive, physician assistants and physical therapists. These are just few examples of
Health categories, and there are many other categories which are not listed here. In
the next few paragraphs, the recent work in estimating both supply and demand of
medical workforce is presented.
A simulation model has been developed for the supply of Physician Assistants
to cover an expected shortage of doctors in USA (Hooker, Cawley, and Everett
2011). This involved selecting a baseline year 2010, The used method in work of
(Hooker, Cawley, and Everett 2011) started by putting 2010 as a baseline year, then
a projection model was built by using a simulation model, which involved historical
trends, recent supply and graduation rate (amounts). Followed was a sensitivity
analysis to assess the consequences of potential changes in three attrition scenarios.
What can be noticed is the use of attrition rates to conduct the sensitivity analysis.
The other is the use of regression modelling to predict the attrition rates and the
annual participation of physician assistants.
Another method in estimating the medical labour was used to investigate the
balance between supply and demand of nurses. The method started by building a
nurse supply projection model (Nirel et al. 2015), which is in simple way is Projection
= Employed Workforce2 + Entry3 - Exit4. Then followed by projecting the demand
for nursing workforce. Nirel et al. (2015) divided the process of estimating demand
for nurses into three model; one model for estimating demand for total nurses in
the country and two for estimating demand for nurses in hospitals. The next step
is to balance between the projected demand and supply of nurses by using different
scenario of nurses age groups5 (Nirel et al. 2015) in their model for nurse demand
projection, they used the nurse-to-population ratio to build the required model.
They investigated the ratio of several year till 2030 based on the obtained ratio of
the period 2009-2011. Advantages of this model is that can be used by policy makers
in an easy way, and the model considers the change in population structure.
5.7.4.1 Demand Estimation in Education
The second occupation in estimating the demand for graduates is the education
sector. The education sector in somehow is similar to the health sector, as both of
2Percentage of working nurses out of all registered nurses of working age divided by age.
3Projected annual rate of nurses entering the nursing workforce.
4Projected number of nurses leaving the workforce by using survival analysis.
5The author put one scenario when nurses are employed until age 60 and the other scenario is
when nurses are employed until age 65.
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them are connected to the population size and structure. So, it can be seen that any
demand estimation of teacher (for example) is linked to the population size on the
school age. Education is very important for every country, as it is the main suppliers
of workforce in all sector of labour market. Any mistake in education process would
need long time to fix it. However, reviewing the following literature may gives an
indication about type of model and used variable in building such model.
Similar to what has been reviewed before, demand estimation is conducted si-
multaneously with supply estimation. Following, the outcomes are compared to
decide whether the case is shortage or surplus.
One of the basic model in estimating (or projecting) the demand is the standard
model. The model was used to project the demand for teacher, and can be used
in either way aggregate level or for a particular category of teachers (Barro 1992).
The projected number of teachers demand in year t= Projected enrolment in year
t× Projected teacher-student ratio in year t. To compute the projected demand for
teacher, the available enrolment projection can be used (Barro 1992). Projecting
teacher-ratios in standard model can be computed through assumptions of future
ratio or by analysing the ratio trends of recent years (Barro 1992).
5.7.5 Graduates and Labour Market Relationship
In the recent decade unemployed graduates becomes a public debate in Oman.
It resulted in several concerns in terms of type of HE study program, allocating
school graduates to HE seats and assessing the relationship between HE graduates
and the labour market demand for graduates. The relationship between graduates
and demand for graduates has been viewed in this this thesis as the transition
period of students after graduation to the place of work. The data for this analysis
has been obtained from the graduate surveys. It has been argued that several
graduate surveys have not been used efficiently to extract valuable information with
some short questionnaires in large-scale surveys leading to inadequacy of resulting
information and with a number of surveys focused on graduates of a particular
HEI or a particular major in few HEIs Teichler 2007. There is also an issue with
the scope of many surveys, conducted only on a year after graduation as this may
not draw the whole picture of the transition process from HE to labour market.
Thus, further enhancement is needed in order to take full advantage of conducting
such a graduate survey. However, despite the limitations this kind of information
will be valuable when combining one model with other information to assist the
decision makers in determining the number of admitted school graduates in each HE
study program. Assessing the relationship between graduates and the labour market
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can be conducted through other methods with different variables of data. Another
method is through analysing the relationship between two variables of graduate
data, the unemployment rate, which is according to the business dictionary6 is the
percentage of unemployed workers to the total labour force. The other term is the
job vacancy rate, which is according to the Euro Stat 7 is the percentage of vacant
jobs to the total number of occupied and unoccupied jobs. This kind of analysis
is called the Beveridge Curve (BC), and it was named after the English economist
William Beveridge, who was the first one in introducing this type of analysis, (Yashiv
2007). BC is used to describe the relationship between unemployment (u) and job
vacancies (v) (Kanik, Sunel, and Taskin 2014). The usual variables in building
the curve are just the unemployment rate and the job vacancy rate. The use on
unemployment rates and job vacancy was highly desirable, but not possible due to
data availability.
5.8 Conclusion
This chapter intends to present new findings, it illustrates how students transi-
tioning in the Omani higher education system, and in which way the system can be
improved to be more responsive to future demand for graduates.
The obtained models show what is possible to do with the data available in
the Omani higher education system. The presented cases show how the number
of graduates are affected when modifying the number of allocated seats. Having a
surplus in one discipline can be fixed by shifting a proportion of the allocated seats to
another discipline and vice-versa. Such modification should be done in accord with
actual number of students in each year of study and the time needed to complete
their study.
This chapter aims to develop a conceptual model of the Omani higher education,
which has been built for two disciplines, education and engineering. The model can,
in the future, be further refined by incorporating different methods. In the case of
having student data with fewer anomalies the model can be improved to include all
disciplines. The second aim of this chapter is to simulate the conceptual model. The
simulation model has been done for the two disciplines selected, and it shows how
the change on seat allocation affects the number of graduates in that discipline. The
third aim has been achieved by using the simulation outcomes to recommend what
is the best when planning admission into the higher education. For example, in the
6(http://www.businessdictionary.com)
7(http://ec.europa.eu/eurostat)
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case of having a surplus in engineers, MoHE should reduce the number of allocated
seats for engineering with taking into account of the time lag till the change will
take effect.
Choice of the allocation of seats should take into account the demand for grad-
uates, however data for this is currently not available in Oman except through
informal discussion with employers. A validated annual employer survey could in
the future feasibly provides daata for demand estimation.
So far, the data structure is the main obstacle in developing a conceptual model
involving all disciplines. This is because the aggregate form of data collected in the
system in addition to the presence of data anomalies on student progression. All
disciplines have been examined as a whole, gender or institution, and only education
and engineering disciplines show reasonable data of student transition.
While the models have obtained for education and engineering, Oman could
have better data with less anomalies by enhancing student data. Having such a
student data will be useful in analysing and modelling student transitions. Several
steps are suggested to improve the data of the Omani higher education system.
These steps are sorted in two categories. Firstly, student states should be defined
clearly and precisely to data entrants (institutions) and users (analysis and policy-
makers). The states can be extended to involve the reasons for the transition.
For example, the reason for leaving study permanently as this would help policy-
makers to distinguish between those who left the system and those who moved to
another institution without informing the previous institutions. Such transitions
have another impact, as those students might be registered as new students in third
or later years in the new institution, which is essentially not true as the students
might have been in the year of study before the transfer.
While this study has demonstrated how aggregated data may be used it would
be preferable for data to be stored in an individual form rather than aggregate form
and the yearly update should involve student unique number any form of unique
identification but identification number (national ID) is preferred as this number
can not be changed even when students move to another institution and obtain a
new student number.
Following these steps, Oman would have better student data, which could result
in modelling all disciplines in an acceptable way of having student transition in a
reasonable base.
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Future Work
Modelling Omani Higher Education in this study focuses mainly on several
input and output variables such as the number of admitted students, the number
of current students and the number of graduates in each discipline. The obtained
model includes the number of available seat in HE regardless of the value of each
seat. So, there is a need to extend the work to involve analysing the cost of each
seats and evaluating the potential financial loses as a consequence of non-completed
study due to drop-out and postponed study. The reasons for not including such data
is the absence of a comprehensive and reliable data system. Several data sources
have been used together to build the model obtained in this study.
As a recommendation, to get the best results for constructing a model of the
Omani Higher Education system, the data should be obtained in a micro format (in-
dividual level) rather than the macro structure (aggregate level). Having a unique
number rather than the student id-number can be used to protect student privacy,
but by making sure that each id-number is linked to only one unique number and
vice-versa each unique number is linked to only on id-number. Such a number will
enhance that each student can be tracked from admission to graduation and until
getting the first employment. Definitely, the MoHE stepped forward to automate
its systems to improve enrolment management, and it is clear that there is a con-
siderable improvement in terms of the system used to manage student records and
in terms of the time needed to process student requests. Such systems provide rich
sources of data which can be used to provide valuable information for the policy
makers to managing properly the Omani Higher Education system. The next step
is to use these sources more effectively to plan Higher Education admission.
The next chapter combines the results and recommendations in previous drawn
chapters, in addition to reviewing the issue of demand for graduates. This issue is
important in planning the admission into the higher education, as most parents (if
not all) look at the higher education as the conduit to the labour market.
It is important to note that if the data were free of anomalies and errors, in terms
of the timing of data entry or the inconsistency in definitions used to enter student
data, or in terms of using aggregate data to protect student privacy, it would be easy
to track and model student transitions without needing to use complex calculation.
The reason to keep using the Omani data in spite of its anomalies and inconsistency
is to highlight the important of this data in planning the admission into higher
education, and to show that alternative methods can be used to model student
flows in case of data anomalies. Administrative data will always present some issues




Difficulties facing policy makers in higher education are twofold. The first is the
dynamic of the labour market, which make predicting the demand for graduates is
too hard. While the second is the way used to process higher education data in order
to assist policy makers in making decisions that contribute to reducing the number
of unemployed graduates in each discipline, in addition to reducing the time spent
by graduates waiting for a job, by determining the number of admitted annually in
each discipline in terms of admission requirements and gender.
The aim of this research was to model student transitions in the Omani higher
education system in order to provide policy makers with the most important indi-
cators regarding student transitions, including the number of students at different
academic levels, and the possibility of their transition to the next stages until grad-
uation or leaving study. Then there was a need to develop indicators for the period
of non-employment in terms of the number of unemployed graduates and duration
of the unemployment period. The study included students passing three consecutive
stages. The stage of students’ admission to the educational system and its impact
on higher education outcomes. Then the stage of students’ movement within the
educational system, followed by the stage of waiting for a job after graduation. Then
a simulation model was built that included all these stages providing a number of
results and indicators.
This chapter summarises the results obtained in the previous chapters of student
transition in the Omani higher education system in seven sections. In the second
section is a summary of the Omani higher education system, the the following three
sections summarise the main points in each chapter of student transition (admis-
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sion, progression and waiting for a job). Then follows a section regarding study
recommendations, followed by a section on future work.
6.2 The Omani Higher Education System
The Omani higher education system aims to provide graduates with knowledge
and skills required in the labour market or even to start their own business. There
are 56 higher education institutions distributed over nine governorates, 48% of them
are in Muscat governorate due to the high population density in Muscat (32% of
total population).
Admission into higher education in Oman is processed in the Higher Education
Admission Centre (HEAC). There are a number of funded higher education seats an-
nounced every year. Given that the number of funded seats is less than the number
of students who graduate from school education, HEAC uses a competitive rate to
select students for the offered seats from amongst those who satisfy the requirements
in each study program Every year there are about 27 thousand admitted in funded
higher education seats (public seats and internal and external scholarships). This
number increased dramatically from 16856 students in the academic year 2010/2011
to 27951 in 2011/2012, due to the royal directives to increase the size of higher edu-
cation in Oman in 2011 (the year of change). The number of graduates is expected
to increase due to this addition in the number of funded seats. Bear in mind that
Oman has a young population as over 50% of Omani population ages are below 24
years, which mean they will need education, higher education and work in the fu-
ture. So, well planned for admission is needed to ensure that graduates will actively
participate in building their nation.
To manage this issue of planning admission into the Omani higher education,
three stages were examined and then their outputs were used to build and simulate
a conceptual model of the Omani higher education system. Output of simulating
the conceptual model can be used as a guide to the policy-makers to expect the
potential impact on modifying admission policy in terms of determining the number
and type of funded higher education seats. The fist stage is the admission into
higher education.
Building and making such a model has also allowed identification of issues re-
garding the collection and definition of variables as well as identifying data which
ideally be collected.
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6.3 Admission into HE
Admission into higher education is the first step of student university career.
To start on the university track, students compete to obtain a study seat, as the
number of funded seats is less than the number of applicant students. For students
to enter a competition for a seat of a certain study program, they must first meet its
entry requirement such as achieving a certain score in a number of related subject
to the required study program.
The policy-makers in the higher education sector determine the type and the
number of seats in each study program. It is presumed this kind of information
follows a certain criteria that meet the future demand for graduates in the labour
market.
This chapter examined the impact of admission criteria on graduation grade
(GPA) in terms of the admission scores (WAS), gender and discipline. Such exami-
nation rose several research questions regarding the impact of admission variable on
graduate GPA. To answer the research questions, two data sets were combined. The
first one was the data of 2017 graduate survey, as this survey has the GPA among
its variables.
The methods used to answer the research questions focus mainly on the relation-
ship between the weighted admission score (WAS) and the graduation grade (GPA)
by using regression modelling and variance analysis. The analysis involves other co-
variates such as discipline and gender. The data used in the analysis was unbalanced
as the number of males was much lower than females, which caused a challenge when
using the commonly used methods to compare the differences between males and
females and between disciplines as the constant variance assumption was violated.
However, other statistical methods were used to answer the chapter questions such
as ordinal regression modelling and non-parametric tests for difference.
The main findings regarding the chapter objectives were as follow. Firstly, in
spite of the low model variation explained, examining the relationship between WAS
and GPA shows that there is a relationship although it is weak. However, the model
obtained indicated a positive relationship between WAS and GPA, which means
any increase in the WAS is accompanied by an increase in GPA. Similar regression
models have been applied for each gender, and the results, of weak relationship
between WAS and GPA, were the same as the model of both gender. Secondly, due
to the imbalanced student data, the difference between males and females in terms
of the obtained GPA has been examined by using Mann-Whitney U test. Differences
exist between males and females in terms of the obtained GPA with females scoring
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higher GPA than males. Thirdly, the same test, as for gender, is used to find the
difference between disciplines. The test’s outcomes indicates that at least graduates
of two disciplines have different GPA. In terms of the difference between disciplines in
each gender, Kruskal-Wallis test for multi independent samples has been used. Male
graduates did not show any difference between disciplines, while female graduates
experienced different GPAs between disciplines.
The obtained outcomes of this analysis will guide policy-makers in consider-
ing the obtained GPA from previous graduates and the different performance of
graduates in each discipline and in each gender when planning the admission into
higher education. The next stage is student progression through the Omani higher
education system.
6.4 Transition within HE
Next comes the university study phase, in which students pass through a num-
ber of academic years according to each study program. At this stage, student
are exposed to a number of difficulties, which may be academic, social or financial,
which may lead students to leave their studies either temporarily or permanently.
The system used to collect the data did not address the reasons of students leaving
study. Obtaining student transition probabilities is done usually by using Markov
chains analysis on student individual data, but due to the aggregate form of the
data obtained, the Markov chains analysis has been conducted by using the con-
ditional least squares method to estimate the transition probabilities rather than
the maximum likelihood estimate or dividing by the row total in case of individual
data.
The main challenge was to use the aggregate form of student data rather than
commonly used data form of individual data to model student flows in the higher
education system. A conditional least squares method was used to estimate student
transition probabilities. All disciplines in the dataset have been examined in terms
of having a reasonable transition probabilities, however, only two disciplines met the
criteria for reasonable student transition probabilities. These were education and
engineering.
Three main areas of student transitions have been covered in this chapter, pro-
gression, leaving study without qualification, and graduation. The first one is stu-
dent progression through a sequence of study years. The difference exists between
disciplines, as education students need less average time in each year of study than
engineering students, 1.234 and 1.620 years respectively. It is noticed that females
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need on average less than one and a half years in each year of study regardless of
the discipline. Males need different average times in each year of study in each
discipline, 1.828 years for the engineering discipline and 1.1 years for the education
discipline. The second area addressed in this part of the thesis is student leave
without qualification. The leaving probability in either cases temporarily or perma-
nently decreases as students advance to the next year. This can be due to the fact
that students become more stable in later years of study than in the early years of
study. In terms of gender, females (average probability of 0.1077) are more likely
than males (average probability of 0.0876) to leave study temporarily in engineering
discipline, and vice-versa in education. In terms of disciplines, education students
are more likely to leave study temporarily (average probability of 0.1079) than their
engineering counterparts (average probability of 0.0874). The other type of leaving
study is permanent leave, where students leave the institution without indicating
the next step or even the reason of leaving study. Regardless of discipline, females
are less likely to leave study permanently than males. Engineering students are less
likely to leave study permanently than students in the education discipline.
Graduation is the last status of leaving study, but with a qualification. Female
students have a better chance of graduating than male students in both disciplines.
Although engineering students spend a longer period of study (average of 6.87 years)
than education student (average of 5.1 years), engineering students (average proba-
bility of 0.79) have a better chance of graduating than their education counterpart
(average probability of 0.75).
The transition probabilities obtained from the analysis were used to simulate
student data in three different scenarios, not change in the number of admitted
students, double the number of admitted students, and stop the admission. For all
changes in admission, the impact of modifying the admission into education needs
three years to be recognised. This period increased to five years when adjusting the
number of admitting students into engineering.
In spite of data anomalies, the obtained results of two disciplines (education and
engineering) show males and females show different performance in transitioning
within the Omani higher education system. Despite the anomalies of data, the
results obtained from the two disciplines (education and engineering) show that it
is possible to come up with a number of conclusions that can be applied to other
disciplines once the data has been corrected. The next stage is to analyse the
period after graduation, which comes after finishing successfully certain years of
study.
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6.5 Unemployment Period
This stage is one of the most difficult and most important stages in a person’s
life. After spending a number of years studying and researching, graduates usually
seek to find a job. However, obtaining a job is not necessary an easy task as it
might look like. In this study, analysing the unemployment period consider two
important issues. The first one is the probability of graduate employment, and the
other issue is the length of unemployment period after graduation. Two different
techniques have been used to conduct these analyses. For the first issue regarding
employment probability, logistic regression modelling was used, while the Kaplan-
Meier (KM) estimator was used to estimate the survival curves for the occurrence of
employment. Data of two graduate surveys, 2015 graduate survey and 2017 graduate
survey, has been combined in one dataset and used to conduct the required analysis
for this part of study. These surveys were selected as they were the latest surveys at
the time of this study, and they targeted graduates of all Omani higher education
institutions.
Two issues have been considered in the analysis as potential influential variables
in the analysis. The first issue related to acquired skill variables during education,
as skills are important for graduate employment. The 24 skill variables were re-
duced to six skill factors by using factor analysis. These factors were self-motivated
skills, team-work and critical thinking skills, knowledge and research skills, Arabic
language skills, accuracy and IT skills, and English language skills. However, as
the skills were assessed from graduate perspectives, the obtained result of including
skills in the analysis shows that, except for the English language skills, graduates
with low employment probability believed the have the acquired skills, but they did
not get a job.
The other issue relates to the method used to look for a job. In this issue
two variables were created. The first one indicated the number of methods used to
look for a job. The second one involved a bi-clustering method to cluster graduates
according to methods used. Six clusters of graduates were defined. The analysis
shows that graduates who were in the first cluster (using of interpersonal relation-
ships) have a better chance than those used other methods, 50% of graduates in
this cluster got employed within 21 months. The variable of the number of meth-
ods used to look for a job, showed a negative impact on the graduate employment,
which indicate that graduates should focus on the most effective method to find
a job. Ethical issue of fairness, when using interpersonal relationship to get a job
rather than the best person.
In terms of employment probability, four cases of graduates are considered,
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female with the highest employment probability and female with the lowest em-
ployment probability, males with the highest employment probability, and males
with lowest employment probability. For a female the best chance of employment
involves studying health, being single, aged between 36 and 40 years, lives in Mus-
cat, graduated in 2015/2016, and used the interpersonal relationships to look for a
job. The male with the highest employment probability was studying natural and
physical sciences, lives in Muscat, is single, aged between 36 and 40, graduated in
2009/2010, and similarly to females used interpersonal relationships to look for a
job. This finding suggests that while females graduates with health degree have the
highest employment probability, males graduates of natural and physical sciences
has the highest employment probability. This is likely to be a reflection of job va-
cancies in these disciplines at this period of time. Perhaps this changes with labour
market changes, for example, when engineering was swamped when it was revealed
as the most demand.
Several results were found regarding the time until first employment. Firstly,
males needed less time to find a job than females, as within a period of 11 months
half the male graduates are employed, while females graduates struggle to find a job
with less than 25% of them are employed in the same period. Secondly, only three
disciplines have 50% of graduates getting employed within 60 months of graduation,
education, engineering and health. Thirdly, as graduates get older, their employment
probability increases. Fourthly, 50% of graduates who live in Muscat need 20 months
to get employed, and less than 25% of those living out of Muscat were employed in
the same period. In terms of the method used to look for a job, half of graduates who
used their personal interrelationships need 20 months to find a job. The last variable
is the year of graduation. In spite of the long period, graduates of older years need
less time than graduates of the recent years. Further investigation is needed here, as
the time of conducting the survey may have a role in graduate employment. In other
words, graduates may find a job if given enough time before surveying. Graduates
from earlier years may have two reasons for being accepted into a job. The first
one acquiring skills during the waiting period for a job may help them to get a job.
The other reason is that graduates may accept any job regardless of the obtained
qualification, when they feel they have waited for long time for a job and it is the
time to move on. Males need less time to find the first time job than females, and
they are more likely than females to be employed.
After obtaining the results of the three stages of the Omani higher education sys-
tem, it is the time to put outputs of all stages together in one conceptual model.
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6.6 Modelling the HE system
Modelling student transitions as one conceptual model shows the way used to
help policy-makers recognise the impacts of adjusting the admission policy. This
part of the study combined all stages of higher education (admission, study, job
search) into one framework. This framework can serve as a guide for admission
policy-makers in higher education in order to consider student admission in propor-
tion to the supply and demand of higher education outcomes, which can be identified
through the indicators of the job waiting period, namely the length of the waiting
period and the number of unemployed graduates. To complement previous analyses
in previous chapters, this chapter relied specifically on the outputs related to ed-
ucation and engineering disciplines to clarify the movement of students within the
educational system until the waiting period of the job.
The model begins with allocating higher education seats to various disciplines.
Notice that the focus here did not include the institutional level as it left to future
research when the institution is used as another level of allocating the seats. Each
discipline has certain entry requirements in terms of subject scores, which need to
be satisfied before allowing students to compete on seats.
Following admission, admitted students go through a sequence of years of study.
In each year, students have various paths. They can leave, withdraw, postpone
study, or move to another institutions. This period has been discussed in chapter
3.
The next step in the model is when students finish study successfully and look
for a job, which can be either immediate employment or waiting for employment for
unknown period. The graduate survey was a useful data source for this part of the
analysis.
Then, a conceptual model of the Omani higher education system is built by
using Stella Architect simulation program. Two disciplines (education and engi-
neering) were used to illustrate the model, and the model can easily be expanded to
include more discipline when appropriate data in terms of accuracy and reliability
are available.
The model, then, was simulated by using the allocation of two academic years
2015/2016 and 2019/2020, which have different allocation for the selected disciplines,
education (1.8% and 5.6%) and engineering (32.4% and 25.3%). Two different cases
for each disciplines were obtained. In education, the seat allocation increased from
1.8% (first case) to 5.6% (second case). In engineering, the seat allocation decreased
from 32.4% (first case) to 25.3% (second case). So, there was a shifting of some
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seats into one discipline and shifting out of some seats in another discipline. Then
running the simulation by using the transition probability matrix in each discipline.
Notice that, education and engineering graduates need on average 20 months to find
a job, which is taken in account when the conceptual model is built.
The results from the simulation models indicate that raising the percentage of
seats allocated to the education discipline resulted in an average of three times the
number of graduates, from 153 to 476 graduates. While reducing the percentage
of seats allocated to the engineering discipline resulted in aa decreased number of
graduates by 22%, from 3758 to 2934 graduates. Then, every year there is a number
of graduates are employed. The result obtained in chapter 4 shows that within a
period of a year (12 months), about 37.5% are employed in both disciplines. So,
another calculation is conducted to subtract this percentage of graduates as being
employed.
Graduates, also, need to consider the methods to look for a job as being sug-
gested that those graduates who used the interpersonal relationships to look for a
job spend less time in the waiting period in compare with graduates who did not
use this method. There must be an ethical issue here good strategy but does not fit
with the idea of jobs being allocated to best candidates.
The model built of the Omani higher education system is useful to the policy-
makers in terms of the time needed by students to complete each study program and
in terms of the number of current students, leaving students, and returning students
in each year of study.
Few issues have not been solved but need to be acknowledged. Firstly, the study
did not address the dependent variables such as employment and work success, as it
targeted decision-makers in the higher education sector by modelling students from
their enrolment into higher education until their joining the labour market. The
next stage after that, which is about the worker’s position in the labour market,
falls within another sector, which is labour sector. Secondly, despite the importance
of working in the same field of study, graduates may succeed in joining fields of
work that differ from their major. The criterion here is the skills that graduates
acquired during study. Thirdly the study relied, in large part, on articles published
in journals. However, international reports in the field of study (higher education)
were not overlooked, some of which were used, albeit less frequently than academic
articles. Fourthly, the study goal was to model student flows in the Omani higher
education system, which involves three chapters, one for each stage of the higher
education system, admission, progression, and waiting for employment. The dif-
ference between these chapters, as the first stage analysed the impact of admission
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policy on study success while the other stages describe study flows and transition
to employment, is due to nature of this study and the components of the Higher
Educational Statistical System.
6.7 Recommendation
The model obtained can be easily expanded to include more disciplines when
appropriate data are available in terms of accuracy and reliability. Such expan-
sion would help policy-makers make appropriate decisions regarding admission into
higher education by considering three main components. The first one is the need to
consider the unemployment period in terms of the number of unemployed graduates
and the time needed to find a job. For example, if there is a large number of unem-
ployed graduates in a certain discipline, they might wait for a long time for the first
job, in this case, policy-makers should shift a part of the allocated seats in this disci-
pline to another discipline. Secondly, policy-makers should be aware of the number
of current students in each year of study and the time needed to graduate in each
discipline. Such awareness would be useful in long-term planning of admission into
higher education, as policy-makers would impact the number of expected graduates
if (for example) the admission is suspended or decreased, and they would know the
number of years needed till the last admitted student graduates. Thirdly, the sta-
tus of those leaving the system without qualification. Governments, usually, have a
certain plan for those admitted in a certain discipline. For example, hypothetically
if the Omani government started a new business sector, logistic services, to meet
the demand for logistic services graduates, it decided to allocate 1000 HE seats for
the logistic services discipline over five years. Unfortunately, in one year, a number
of students left the study with a number of them changing their discipline. In this
case, the model would help policy-makers determine the most appropriate number
of new students to be admitted in this discipline to cover the gap of dropped-out
students.
Perhaps the most prominent challenge in this study is the mechanism used to
obtain the data and the data structures. Three sources were used to obtain the
required data, and each of them has a number of difficulties that were dealt with
by searching for alternative methods of analysis rather than the usual ones used
in known cases or individualised data. These sources are the graduate survey, the
higher education statistical system (HESS), and the admission data.
First, the graduate survey data used in the second chapter showed that the
number of females responding to the survey was higher than the number of males.
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In the 2017 graduate survey, only 36% of participating graduates were males and
combining this data with admission data makes the difference in number of males and
females large. This difference in number causes a problem in the analysis of variance
in chapter two, as the data becomes unbalanced data. The problem of unbalanced
data was solved by using alternative methods to test the difference between males
and females, these included methods of ordinal regression and non-parametric tests
of difference between the independent variables such as Mann-Whitney U test and
Kruskal-Wallis test. This situation resulting in the lack of balance possibly could
be solved by encouraging more male graduates to participate in the graduate survey
by giving the participants motivational rewards.
The statistical system as a system is an effective system for managing student
data, but it lacks important information, specifically definitions of student move-
ment within the educational system. Each academic year is independent from other
academic years, without detailing the student’s status change from one academic
year to the next one. Also, it seems that some educational institutions did not
define precisely the reason of students leave study, which made institutions define
reasons according to what it deems appropriate. These data issues led to the pres-
ence of missing student numbers in one academic year or excess student numbers
in another academic year. There is no doubt, as well, that such systems work to
protect individual data by creating data in aggregate form. The aggregate form of
the data led to a lack of recognising the actual movement of students, as the only
available data is the number of students in each status. This problem could have
been avoided by creating other unique numbers in the system for each student, so
that the actual number of the students (usually the civil number) is not available
for other users, and in particular independent researchers.
6.8 Future Work
One issue that needs to be included in future work, is institutional indicators.
For example, institution capability to deal with extreme change in the number of
admitted students (the case when MoHE decided to shift a large portion of scholar-
ships in or out of an institution) in terms of the available facilities and the number
of academic and administrative staff.
The obtained conceptual model was not fully defined as there was a need to
clarify student status in the system. For example the model defined those leaving
study but the students remained in the system as leaving study temporarily, but
on return the data does not provide the precise reason for leaving. Further, how
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these students are treated when they move to another institution appear as a new
students or as a returning student. The data shows that the number of returning
students is not matched with the number of leaving temporarily students.
This study focused mainly on student qualification and discipline, and touched
slightly the skills obtained during education. In future work, further analysis is
needed to define the highly demanding skills in the labour market, as having such
information would help policy-makers to modify the curricula accordingly. It worth
mentioning, higher education institutions provide an intern-ship to student pre-
graduation. However, in spite of the intern-ship, graduates still struggled to find
a job. Further investigation is needed here to find the reasons for the difficulty in
finding a job.
The most prominent challenge in this study was the nature of the data used in
the analysis. The challenges primarily related to the second and third chapters of this
study. The first challenge faced was during the analysis of the relationship between
WAS and GPA, and this was the absence of balanced data between males and
females data. In order to fix this problem, MoHE should encourage male graduates
to participate in the graduate survey, or implementing methods to increase student
response by multiple follow-ups. Perhaps, another follow-up study is to identify
why graduates do not participate in the survey. It is possible that non-participant
graduates are not employed, so they may believed that graduate surveys are useless,
or are employed but they did not have time to fill surveys. The second challenge
was the aggregated form of student data, which was aggregated to protect student
privacy and confidentiality.
This study illustrated many deficiencies in the systems used to collect data, ei-
ther in terms of defining the variables used for data entry in the statistical system
(HESS), or in terms of weak participation in graduate surveys, especially male grad-
uates. Therefore, in order to enhance the use of data systems in the Omani higher
education sector, the data systems used must be accurate and logical in order to
assist policy-makers in planning admission to higher education in line with future
plans of the Omani government as a higher education sector. Despite many errors
and difficulties in the data used in this study, it was addressed with a number of sta-
tistical methods, which showed a number of important results about the movement
of students within the educational system.
A major concern has risen in terms of planning higher education admission to
align with the labour market demand for graduates. Oman, in the recent years
adopted a long term plan to align Higher Education graduate to the labour market.
The plan involves several entities such as ministries, agencies and employers. There
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is a vision of Oman 2040, which has several goals to be achieved by 2040. MOHE
is one of the governmental entities in charge of planning Higher Education sector in
Oman. Graduate employment needs to be included or closely aligned with MOHE
tasks, but MOHE works on solid ground to enhance graduate employability by
admitting students in the most demanding disciplines.
Despite the recent update of the statistical system to become a central database
covering the data of students and workers in the higher education sector in the finan-
cial and academic aspects, the errors and inconsistency of the data are still present.
A future investigation is needed to clarify the cause of errors and data instability,
which may be due to the inadequate structure of the database, the presence of errors
in the entry, or the lack of understanding of the data processing mechanism in the
central database.
Admission to higher education must be in line with the requirements of the
Omani labour market, in terms of specialisation or in terms of qualification, and
there must be a periodic follow-up to the labour market demand for graduates.
For this reason, the admission requirements to higher education must be taken into
consideration, in order to avoid the student’s inability to engage in the future labour
market.
When data is improved and higher education indicators can be easily extracted,
then “Modelling Omani Higher Education” will look like a recommendation system,
which can assist decision-makers in making appropriate decisions in planning higher
education. The proposed modelling system will allow decision-makers to learn about
the current and future status of students in higher education from their enrolment
into higher education until their entry into the labour market. The system will
also be able to suggest appropriate amendments to the admission plans based on
the current situation and future conditions, for example by reducing the number of
study seats in one major and increasing it in another.
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Table A.1 Defining System’s States by Age and Year of Commencement
Age at program Year of enrolment in a program
Commencement 1st 2nd 3rd 4th 5th 6th or higher
Under 18 X
18 X X
19 X X X
20 X X X X
21 X X X X X
22 X X X X X X
23 X X X X X X
24 X X X X X X
25-29 X X X X X X
30-34 X X X X X X
Over 34 X X X X X X
A.1 Student Transition Probabilities Matrices
The following tables shows the estimated transitions probabilities matrices of
the student data used in chapter 3.
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Table A.2 Estimated transition probabilities matrix of EngA
From/To 1 2 3 4 5 LT G L
1 0.1758 0.6578 0 0 0 0.0497 0 0.1167
2 0 0.4855 0.4231 0 0 0.0217 0 0.0698
3 0 0 0.5623 0.3689 0 0.0290 0.0000 0.0398
4 0 0 0 0.4012 0.5423 0.0265 0.0248 0.0052
5 0 0 0 0 0.0000 0.0000 1.0000 0.0000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
LT 0 0 0 0 0 0 0 1
Table A.3 Estimated transition probabilities matrix of EngF
From/To 1 2 3 4 5 LT G L
1 0.1738 0.7534 0 0 0 0.0451 0 0.0276
2 0 0.2950 0.6579 0 0 0.0374 0 0.0098
3 0 0 0.3621 0.6023 0 0.0356 0.0000 0.0000
4 0 0 0 0.3030 0.5814 0.0436 0.0547 0.0174
5 0 0 0 0 0.0000 0.0000 1 0.0000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
LT 0 0 0 0 0 0 0 1
Table A.4 Estimated transition probabilities matrix of EngM
From\To 1 2 3 4 5 LT G L
1 0.1830 0.5852 0 0 0 0.0519 0 0.1799
2 0 0.5761 0.3121 0 0 0.0165 0 0.0953
3 0 0 0.6366 0.2708 0 0.0303 0.0000 0.0623
4 0 0 0 0.4400 0.5152 0.0247 0.0142 0.0059
5 0 0 0 0 0.0169 0.0000 0.9831 0.0000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
LT 0 0 0 0 0 0 0 1
Table A.5 Estimated transition probabilities matrix of EduA
From\To 1 2 3 4 5 LT G L
1 0.14487 0.59798 0 0 0 0.11080 0 0.14635
2 0 0.33830 0.49093 0 0 0.07818 0 0.09259
3 0 0 0.20752 0.61207 0 0.04533 0.07238 0.06271
4 0 0 0 0.18707 0.52439 0.02355 0.23158 0.03342
5 0 0 0 0 0.00000 0.00000 1 0.00000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
L 0 0 0 0 0 0 0 1
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Table A.6 Estimated transition probabilities matrix of EduF
From\To 1 2 3 4 5 LT G L
1 0.1687 0.4986 0 0 0 0.1621 0 0.1706
2 0 0.4074 0.4418 0 0 0.0747 0 0.0760
3 0 0 0.3346 0.6331 0 0.0063 0.0212 0.0047
4 0 0 0 0.2139 0.5205 0.0254 0.2121 0.0281
5 0 0 0 0 0.0000 0.0000 1 0.0000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
L 0 0 0 0 0 0 0 1
Table A.7 Estimated transition probabilities matrix of EduM
From\To 1 2 3 4 5 LT G L
1 0.1225 0.6870 0 0 0 0.0634 0 0.1271
2 0 0.2506 0.5639 0 0 0.0765 0 0.1090
3 0 0 0.0000 0.6726 0 0.0775 0.1264 0.1235
4 0 0 0 0.0281 0.6087 0.0401 0.2616 0.0615
5 0 0 0 0 0.0000 0.0000 1 0.0000
LT 0 0 0 0 0 1 0 0
G 0 0 0 0 0 0 1 0
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Table B.1 Participated Graduates by Graduation Year, Gender and Discipline
Respondants Graduates Sample Proportion
Discipline MALE FEMALE Total MALE FEMALE Total MALE FEMALE Total
2009/2010 ART 78 136 214 262 538 800 30% 25% 27%
CUL 125 252 377 297 991 1288 42% 25% 29%
EDU 47 119 166 361 723 1084 13% 16% 15%
ENG 169 119 288 1631 644 2275 10% 18% 13%
HLT 24 55 79 426 977 1403 6% 6% 6%
IT 110 402 512 852 1522 2374 13% 26% 22%
MNG 117 280 397 1128 1555 2683 10% 18% 15%
OTHER 40 60 100 334 518 852 12% 12% 12%
SCI 45 121 166 118 427 545 38% 28% 30%
Total 755 1544 2299 5409 7895 13304 14% 20% 17%
2012/2013 ART 76 315 391 217 742 959 35% 42% 41%
CUL 127 365 492 451 944 1395 28% 39% 35%
EDU 37 222 259 299 761 1060 12% 29% 24%
ENG 386 202 588 2834 1483 4317 14% 14% 14%
HLT 26 109 135 307 1051 1358 8% 10% 10%
IT 140 729 870 750 1012 1762 19% 72% 49%
MNG 187 447 634 1688 2171 3859 11% 21% 16%
OTHER 50 148 198 314 408 722 16% 36% 27%
SCI 64 204 268 191 506 697 34% 40% 38%
Total 1093 2741 3835 7051 9078 16129 16% 30% 24%
2013/2014 ART 66 262 328 187 714 901 35% 37% 36%
CUL 58 211 269 421 790 1211 14% 27% 22%
EDU 46 122 168 213 564 777 22% 22% 22%
ENG 432 538 970 3542 2018 5560 12% 27% 17%
HLT 18 74 92 141 687 828 13% 11% 11%
IT 123 288 411 840 1298 2138 15% 22% 19%
MNG 162 380 542 1984 2691 4675 8% 14% 12%
OTHER 50 161 211 193 391 584 26% 41% 36%
SCI 63 120 183 235 620 855 27% 19% 21%
Total 1018 2156 3174 7756 9773 17529 13% 22% 18%
2014/2015 ART 81 355 436 198 791 989 41% 45% 44%
CUL 90 347 437 920 1078 1998 10% 32% 22%
EDU 46 127 173 335 444 779 14% 29% 22%
ENG 551 458 1009 3035 1410 4445 18% 32% 23%
HLT 30 133 163 210 942 1152 14% 14% 14%
IT 149 609 758 804 1595 2399 19% 38% 32%
MNG 245 695 940 2336 3163 5499 10% 22% 17%
OTHER 53 110 163 167 316 483 32% 35% 34%
SCI 80 212 292 238 623 861 34% 34% 34%
Total 1325 3046 4371 8243 10362 18605 16% 29% 23%
2015/2016 ART 47 450 497 121 812 933 39% 55% 53%
CUL 87 536 623 706 1144 1850 12% 47% 34%
EDU 49 180 229 274 956 1230 18% 19% 19%
ENG 577 697 1274 3735 2134 5869 15% 33% 22%
HLT 40 303 343 366 1297 1663 11% 23% 21%
IT 143 714 857 796 1990 2786 18% 36% 31%
MNG 369 1122 1491 2913 4293 7206 13% 26% 21%
OTHER 53 173 226 209 412 621 25% 42% 36%
SCI 75 350 425 249 756 1005 30% 46% 42%
Total 1440 4525 5965 9369 13794 23163 15% 33% 26%
Total ART 348 1518 1866 985 3597 4582 35% 42% 41%
CUL 487 1711 2198 2795 4947 7742 17% 35% 28%
EDU 225 770 995 1482 3448 4930 15% 22% 20%
ENG 2115 2014 4129 14777 7689 22466 14% 26% 18%
HLT 138 674 812 1450 4954 6404 10% 14% 13%
IT 665 2742 3408 4042 7417 11459 16% 37% 30%
MNG 1080 2924 4004 10049 13873 23922 11% 21% 17%
OTHER 246 652 898 1217 2045 3262 20% 32% 28%
SCI 327 1007 1334 1031 2932 3963 32% 34% 34%
Total 5631 14012 19644 37828 50902 88730 15% 28% 22%
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